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INTRODUCTION

Current interest in the study of speech and language
development is wide-spread, and the importance of such study to both
theoretical and applied work in a number of fields is recognized.
Results have general relevance for many developmental psychologists,
psycholinguists, educators, clinicians and speech therapists; they
also have specific relevance for persons concerned with the develop-
ment and the remediation of speech and language.

Some years ago, a representative sample of nearly 2,000
public school speech clinicians identified, as needed research,
the collection of longitudinal data on speech and the development
of criteria for selection of primary-grade school children for
remedial speech programs (44). Despite this, there has been little
study of the development of adequate production of the phonemes of
English by the same children during the early school years. Recently
research and discussion has focused more on various aspects of the
problem of case selection. However, while the relation of articulation
performance to other language and language-related skills in the same
subjects may have implications for case selection, little intensive
or extensive exploration of the relationships has been undertaken.

In 1960, the project director initiated a comprehensive
investigation (as USOE Project # 818) that was concerned with
several aspects of the high-priority research problems identified
by the speezh clinicians. It coordinated several studies: a

prediction study in which it was attempted to identify in kinder-
garten chihiren who would need speech therapy in second grade; a
longitudinal study of the development of articulation and of its
interrelations with certain non-articulation variables; and a number
of ancillary studies that tapped the same pool of subjects for the
investigation of related problems.

In the large project, articulation of children was first
tested in the spring before they were enrolled in kindergarten.
Subsequently their performance on articulation and o*her measures was
tested at six-mont.-. intervals. Since fewer subjects than had been
anticipated from results of cross-sectional studies had achieved
adequate articulation after six testing sessions, when most were in
second grade, the periodic testing was continued through the fourth
grade (as USOE Project # 2220). This report presents analyses of the
longitudinal data gathered in eleven testing sessions over a five-
year span from prekindergarten through fourth grade. It presents
only descriptive data and analyses dealing with gross scores, and
withholds for later presentation analyses dealing with more specific
aspects of articulation development and with the relation between
articulation and non-articulation variables.

Longitudinal studies not only take a long time to carry on,
but are expensive in money and energy. Nothing can be done to
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shorten the time that must elapse between observations of children.

Efforts must continuously be made to maintain the sample selected

for study. Yet, inevitably, subjects move, become ill, etc., aad

are lost to the sample as the observations are continued. Not until

the final testing is completed can the subjects in the sample to be

analyzed be identified. As a result many data that Lre gathered

cannot be used in the analyses. Among the other disadvantages of

longitudinal studies that ctn be pointed out are being bound

methodologically to the past, restriction in fhe use of experimental

controls, and limitations forced upon generalization of the results.

However, there is no other way than through longitudinal study to

obtain information on development of performance of the same individuals,

and on possible interrelations among a number of variables over time.

Such information in addition to being of basic theoretical significance

has particular practical value for the many persons concerned with

the growth and well-being of the same children over a period of time,

e.g. teachers, clinicians and parents.

Review of Relevant Literature

From the large amount of research relevant to this study,

that briefly considered deals with measurement of articulation with

and without the presentation of an aural model, with longitudinal

studies of articulation development, and with the relations between

articulation and non-articulation variables. Literature dealing with

specific characteristics of these variables is not reviewed, since

it is more pertinent to specific analyses that are planned or

completed.

Measurement with and without an Aural Model

Studies that investigate the articulation of phonemes

evaluated in words elicited in response to pictures, with no aural

model presented, and in words repeated after an aural model have

specific relevance because of the method of sample selection used

in the longitudinal study. Some ten studies have been previously

reviewed and evaluated by the project director (60, 65). All of

the studies carried on since the mid-forties reported somewhat

higher articulation scores when evaluation was based on an imitative

response. However, both statistically significant and insignificant

differences have been found; differences are not consistently found

for all phonemes evaluated; and actual differences between total

scores are not large. Some recent studies have employed more rigid

design and control, but have not reported definitive results (50, 61).

Samples of children have ranged from young preschool to junior-high

school age, from those with essentially normal to severely deviant

articulation, and from the intellectually normal to the mentally

retarded.

While results from the several studies indicate that the

method used to elicit responses may influence the evaluation of the
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adequacy of phoneme production the identification of the superiority

of one method over the other is an individual interpretation related
to the purpose of a para.-111er evaluation. The spontaneous method
is more likely to elicit a chilVig typical performance, and the
imitative method to elicit his maximal performance.

Divergence in scores of the same subject obtained on the
two types of articulation measures have been found associated with
more rapid improvement in articulation (10, 53). However, in the

prediction study of the present project, a higher proportion of
subjects with substantially divergent than with similar scores were
identified as needing speech therapy in second grade (60).

Longitudinal Studies of Articulation

There are no studies which describe in detail the develop-
ment of phonemes in English on a substantial number of dhildren
during the early school years. Although the number of longitudinal
studies during this period is increasing, they tend to be concerned
with the problems of predicting articulation deviation and/or de-
lineating a definition of articulation deviation and do not report
specific developmental characteristics of articulation.

In a recent report Templin (60) has reviewed the major
studies on prediction. She points out that despite the basic relation

of prediction to the task of the speech clinician, research literature
on the problem, per se, is relatively recent and not extensive. Only

eight studies published between 1954 and 1966 were located and, for
the most part, they were relatively insulated from one another. They
were concerned with identification of subjects who would improve
their articulation production over the years, and with the identification
of factors that might differentiate those initially classified as
deviant in articulation who did, and did not, improve in their
articulation production. For the most part, studies attempted pre-
diction of articulation performance over a relatively short time
span (usually one or two years) after initial school experience in

kindergarten or first grade. In most studies subjects were considered
to have deviant articulation at the initiation of an investigation,
but the number of misarticulations that were included under deviant
articulation varied greatly. In some studies the number of mis-

articulations was so small that it is questionable whether the
articulation could appropriately be considered deviant even at the

early school years. Concerted, long-term investigation is essential
for a meaningful attack upon the many-faceted problem of prediction
of adequate articulation. The work of Pronovost and his associates
(1,...3) and VanRiper (68) is such work.

Recently Wepman and Nbrency (72) have used the concept of
age-appropriate misarticulation as part of their concern with the

definition of an articulation deviation du.,:ing the developmental

period. In previous work (35) they found that between the ages of
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five and nine, the misarticulation profiles of children with
non-pathological etiology were characterized by deviant production
of the last ten consonant sounds acquired by children according
to Templin's normative study. Comparing the performance of 66 subjects
with at least six age-appropriate misarticulations with 114 subjects
with five or less such misarticulations at first, second, and third
grades, they found no significant differences in performance on
measures of verbal intelligence, perceptual tasks, and reading.
The concept of age-appropriate misarticulation is important for
evolving a definition of an articulation deviation in kindergarten
since it focuses on the differentiation between slow development
and deficient status.

Relation between Articulation and Non-Articulation Variables

The general relation between articulation and other
language variables is reasonably well-established. In 1934 Davis
(13) reported that the mastery of articulation, as rated on a
s ven-point scale from perfect to incomprehensible speech, was
ciosely related to other language performance. Templin (63) has
reported substantial correlations between articulation test scores
and the length and complexity of responses, and a number of vocabulary
measures that tended to decrease over the age range from three to
eight years. Wepman and Morency (72) recently reported no difference
in reading and spelling scores of children with acceptable artic-
ulation and those with unacceptable articulation, but with age-
appropriate errors, in first, second and third grades.

The extent and nature of the relation between artiomlation
and reading is not known, but the existence of some relation is quite
generally accepted. In the thirties, Bond (6) reported that
articulatioo performance did not differ between good and poor silent
readoro, but did differ between good silent and poor oral readers
and between poor silent and good oral readers. In the forties,
Artley (2) pointed out that while a relationship between speech
difficulties and deficiency to both silent and oral reading seemed
to be present, there was no general agreement on the extent of the
relationship. In the sixties, Weaver, Furbee and Everhart (69)
stated that investigations of the articulation of good and poor
readers, and of the reading skill of subjects with and without speech
defects seemed to emphasize a concomitant relationship.

The nature of the relationship between spelling and
articulation is not firmly established. In the thirties Russell
(47) in comparing good and poor spellers reported that poor spellers
had more mispronunciations. In the fifties, Carrell and Pendergast
(9), however, found no significant differences either in spelling
ability or in types of spelling errors when they compared all written
sthool work over a two-month period of subjects with normal and
with dela7zd speech in grades two through five. Ham (19) found
that children in these same grades who were receiving speech therapy
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more frequently mispronounced the words they misspelled than the
words they spelled correctly.

A number of studies have been concerned with the effect
of speech training and therapy upon the performance of subjects
on other language variables. Irwin (26, 27), Sommers and others
(54), Weaver et al (69) and Wepman and Morency (72) found no
improvement in the various language skills measured when subjects
were given speech therapy. Jones (29) reported improvement in
silent reading skills for third graders who vere given speech
training.

A number of other approaches to the question can be
identified. For example, deirsch (14) has attempted the prediction
of reading failure on the basis of a number of language variables,
including articulation. Zedler (75) found that second-grade subjects
given specific auditory training and experience with phoneme-
grapheme association improved in written spelling and in sound
discrimination over those who did not receive this training.

Several summaries of the research on articulation and
non-language variables have been published. In reviewing studies
on the relation of articulation and intelligence, Winitz (73)
reported that they indicate, in general, low positive correlations
between intelligence and the status of articulation, and zero-
order correlations between intelligence and articulation improvement.
Weiner (71) in a summary of research on articulation defects and
auditory discrimination, concluded that, despite criticism of the
studies, the following findings had considerable support: the

developmental character of auditory discrimination; the better
performance of children from the upper-socioeconomic status groups;
and the positive relationship between auditory discrimination and
more severe articulation deviation at ages below nine years.

Summarizing studies of the relation between articulation
and personality, Spriestersbach (56) some years ago stated that the
research available was such that no general statement about the
relation was justified. A few years later, after summarizing
twenty-five years of research on personality as related to functional
speech disorders, including articulation, Goodstein (18) came to a similar
conclusion. Re stated that the methodological and conceptual
limitations of the research were so important that few, if any,
generalizations were possible.

Many relatively insulated studies have been carried on
over the years. Some have been concerned with the articulation
performance of groups contrasted on variables such as spelling
or reading; some have been concerned with the performance on
non-articulation variables of groups convrasted on articulation
performance; some have been concerned witu the relation of the
status and others with the improvement of articulation to other



variables. Since most children attain adequate articulation by
seven or eight years of age, studies using samples above these
ages have been most concerned with deviant articulation, and those
with younger subjects with the developmental aspects of articulation
or the problem of defining an articulation deviatian during the
developmental period.

Studies of the relation between articulation and non-
articulation performance have been carried on for some four decades.
Persons who have systematically reviewed aspects of the research
literature have pointed up the lack of conceptualization of the
research problems, the limitations of the research methodology, and
the wide range of severity of articulation deviation and age in the
subjects studied. Investigations do suggest the possibility of
stronger relationships existing among those subjects with more
extreme articulation deviations. In 1954 Spriestersbach emphasized
that a study evaluating the adjustment problems of a sample with
severe articulation problems was overdue. Over the years there
have been no major, systematic attacks upon the question of the
relation of articulation to a number of important non-articulation
variables. These, surely, are now long overdue.

The Study

The comprehensive investigation was undgrtaken viih
the following objectives:

1. To attempt to identify in prekindergarten and kinder-
garten those children who will need speech therapy in second grade.

2. To describe the development of consonant phoneme
production including consonants in singles and in clusters through
the fourth grade or until adequate articulation is achieved.

3. To identify variables which may be related to adequate
production of speech sounds by second, third and fourth grade
children.

4. To study the relations of language skills over a period
of time in the same children.

5. To test hypotheses growing out of analyses of the
developmental data in ancillary studies carried on with samples of
Children selected according to performance on different language
measures,

Analysis of the predictive study which is concerned with
Objective 1 has been presented as the final report for USOE Project
# 818 (60); several ancillary studies which are concerned with
Objective 5 will be published in appropriate journals; the longitudinal
study is concerned with Objectives 2, 3, and 4 and is presented in
this report.
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METHOD

In the longitudinal study, selected subjects were
tested eleven times at six-month intervals. Subjects were
prekindergartners at Session 1, in kindergarten at Sessions 2 and 3,
in first grade at Sessions 4 and 5, in second grade at Sessions 6 and
7, in third grade at Sessions 8 and 9 and in fourth grade at
Sessions 10 and 11. Sessions rather than grades are designated,
however, since all subjects did not remain at grade throughout
the five years of testing.

The manner in which the predictive, longitudinal and
ancillary studies were integrated and used subjects distinctively
is seen in Figure 1. The specific tests administered at each
testing session are indicated by number on Figure 1, identified
on Table 1, and described in the section, Measures Used.

Sample

Subjects in the samples analyzed were those 223 boys
and 213 girls who were selected after Session 2 and were available
for testing at Session 11. Criteria for initial selection were
related to aspects of articulation considered as probably important
for prediction of articulation development and possible definition
of articulation deviation in kindergarten.

All subjects were selected from those children whose
articulation was tested at Session 1, since information on an
additional six months of development was thus made available. At
Sassion 1 the articulation of approximately 1500 subjects was
evaluated using the 1.1 Prekindergarten Picture Articulation Test,
and 1.2 Prekindergarten Imitation Articulation Test (described in
the section, Measures Used). At Session 2 the articulation of these
children was retested and that of another 1000 children from the
same kindergarten classrooms was tested using the same tests.
Total scores of all subjects, boys or girls, who had and had not
been tested at Session I did not differ significantly at Session
2 on either test.

Aspects of articulation considered in the selection of
subjects were: (1) Whether or not articulation scores of the
same subject differed when based on evaluations in words elicited
by pictures with no aural model, and by imitation with an aural
model presented by the examiner; (2) the total number of misarticulations;
and (3) the specific phonemes misarticulated. Using statistical
procedures that took into account the consistency of test scores
of individuals and the distributions of scores on both imitation
and picture prekindergarten tests, nine study samples were chosen.
Both boys and girls were selected on the distributions for their
own sex.



LONGITUDINAL STUDY

Session 1, Prekindergarten
N=1500 ITests: 1.1, 1.2, 2.11

Session 2, Kinderlarten le
N=1500 Tests: 1.1 1.2 2.1.

Session 3, Kindergarten: N=436
Tests: 1.1, 1.2, 1.3, 1.4, 1.1
1.6, 1.7, 2.1, 2.2, 2.3, 5.1,1
5.2, 5.3, 6.1, 6.2, 6.3, 6.6,
6.10, 8.1, 9.2, 9.3, 10.3

Session 4, Grade 1: N=473 1
Tests: 1.1, 1.2, 1.3, 1.4, 1.5
2.1, 6.4, 6.5, 6.7, 6.8, 7.1,
7.2, 7.3, 7.4, 7.5

Session 5, Grade 1: N=467 1
frests: 1.1, 1.2, 1.3, 1.4, 1.
1.6, 1.7, 2.1, 3.2, 5.2, 5.3,
16.1, 6.2, 6.3, 6.6, 6.10, 9.4 ;

Session 6, Grade 2: N=462 1
'Tests: 1.1, 1.2, 1.3, 1.4, 1.51
1.6, 2.1, 5.4, 5.6

Session 7. Crade 2: N=456 1
eats: 1.1, 1.2, 1.3, 1.4, 1.5
1.6, 2.1, 2.2, 3.3, 3.10, 5.2,
6.9, 8.8

Session 8, Grade 3: N=448 1
este: 1.1, 1.2, 1.3, 1.4, 1.5

2.1. 3.4, 3.5, 3.8, 3.9,
4.2, 5.5, 8.5, 8.6, 10.2

Session 9, Grade 3: N=441 ,,,

Efeste: 1.1, 1.2, 1.3, 1.4, 1.5
.6, 2.1, 2.4, 4.4, 5.1, 8.7,

9.4

Session 10, Grade 4: N=438 je

este: 1.1, 1.2, 1.3, 1.4, 1.5
1.6, 2.1, 3.6, 3.7, 5.6, 8.2,
8.3, 8.4, 9.1

eats: 1.1, 1.2, 1.3, 1.4, i
1.6, 1.8, 2.1, 3.1, 3.11, 4.3,
5.7, 9.5, 10.1

Session 11, Crade 4: N=436

IT

i5

PREDICTION STUDY

IN=1000
Tests: 1.1, 1.21

2.1

tr=2150

Tests: 1.1, 1.
1.3, 1.4, 1.6,
2.1

SOME ANCILLARY
STUDIES

ffect of aural model
n articulation.
reatments: AA, AB,

BB (A = No model,
B = Model)

135

iffect of tooth loss
n production of /s/.
ession 3-5, 6.
= 78

rrtect of therapy on

iculation.

LAting and prediction

speech problems by
plassroom teachers.

Effect of neutral and
ihurturant situation on
verbal output.
N = 144

sponses to meaningfu
and nonsense visual an
auditory stimuli by Ss
ith differing pattern
f articulation devel-

opment.
N = 96

iSi

ex of examiner and
. . subject as related to

ISC scores.

Figure 1. Flow chart for longitudinal, prediction, and ancillary studies.
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Table 1. Measures by Category and Session Administered

TESTS SESSIONS

1. ARTICULATION ERASURES
1.1 Prekindergarten Picture
1.2 Prekindergarten Imitation
1.3 Kindergarten Picture
1.4 Kindergarten Imitation
1.5 Long Articulation
1.6 Spencer Nonsense Word
1.7 Duplicated Repetition
1.8 Phonemes in Sentences

2. SPEECH MEASURES
2.1 Intelligibility Rating
2.2 Teacher's Rating
2.3 Speech in Family Relations I
2.4 Speech in Family Relations II

2 3 4 5 6 7 8 9 10 11

X X X X X X X X X X X
X X X X X X X X X X X

X X X X X X X X X
X X X X X X X X X
X X X X X X X X X
X - X X X X X X X
X - X

SO X

X X X X X X X X X X X
X X
X -

a a X -

3. READING MEASURES
3.1 Gates Reading Survey - _ - - - - - - - -

3.2 Grade 1 Vocabulary Recognition - - - - X
3.3 Grade 2 Vocabulary Recognition - - - - - - X -

3.4 Letter Sound-Production - - - - - - - X
3.5 Word Pronunciation - - - -- - - X
3.6 WCullough Phonics - - - - - - - - - X
3.7 MtCullough Syllabification - - - - - - - - - X
3.8 Bond-Clymer-Hoyt Locating

Elements - . - - - - - X
3.9 Bond-Clymer-Hoyt Locating Words - - - . - - - X

*3.10 Gates Advanced Primary - - - - - - x
3.11 Homographs - - - - - - - - - .

a
a

4. SPELLING ERASURES
4.1 Iowa
4.2 Metropolitan
4.3 Dictation
4.4 Sound Letter-Production

5. LANGUAGE MEASURES
*5.1 Recording
5.2 Berko Morphology
5.3 Berko Compound Words
5.4 Berko Word Usage
5.5 Sentence Completion
5.6 Jenkins-PRlermo Word Association

*5.7 Written Composition
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a X
X - - -

- - - - - - - - - - X
- - - a - - - - X - -

X a X a
X X X a
X X

X a GM

a X a
a X X

NO a 969 a X



Table 1. Tests and Their Administration by Session (Cont.)

6.

7.

8.

TESTS

AUDITORY STIMULUS MEASURES
6.1 Spencer Initial Sounds

6.2 Spencer Rhyming Words
6.3 Spencer Synthesis of Words
6.4 Monroe Discrimination
6.5 Monroe Synthesis
6.6 Templin Sound Discrimination
6.7 Harrison-Stroud Matching I
6.8 Harrison-Stroud Matching II
6.9 Auditory Memory Span
6.10 Spencer Nonsense Recall

VISUAL STIMULUS MEASURES
7.1 Metropolitan Reading Readiness
7.2 Murphy-Durrell Matching Letters
7.3 Murphy-Durrell Matching Words
7.4 Clymer Picture Squares
7.5 Gates Recognition of Digits,

Capital and Lower Case Letters

PERSONALITY MEASURES

SESSIONS
1

-
-
-
-

-
-

-

-
-

-

2

-
-
-
-

-
-

-

-
T

3

X
X
X.
-
X
-
-

X

-
-
-
-

4

.
-
-
X
X
-
X
X

-

X
X
X
X

X

5

X
X
X
-
-
X
-
-
-
X

-

6

.
-

7

INi

X
-

8

-

9 10

OD

11

OD

8.1
8.2

*8.3
*8.4
8.5

*8.6
*8.7
*8.8

Bene-Anthony Family Relations
Bender-Gestalt
Adjective Check List
TAT
Teacher's Rating
Subject Preference Questionnaire
Process of Drawing-A-Man
Parents' Questionnaire

.

-

-

-

X -

OD

to

OP

X

X
X

.
VMP

X
X
X

OD

-@
-

9, INTELLIGENCE MEASURES
9.1 WISC
9.2 Ammons Picture Vocabulary

*9.3 California Test of Mental
Maturity

9.4 Goodenough-Harris Draw-A-Man

9.5 Porteus Mazes

10. MOTOR MEASURES
10.1 Stambak Rhythm Test
10.2 Rating of Handwriting
10.3 Speech Mechanism

X X
a V4%

- - =I . X
- - X -

- . X =I

@ Administered between Sessions 9 and 10.

* Not included in analyses; test described in Appendix C.
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One shift sample was made up of those subjects among
the children tested at Sessions 1 and 2,whose picture and imitation
articulation scores differed by four or more centila points. All
subjects located who differed to this extent, and who were not
excluded on the basis of other criteria for sample selection,
were included in the shift sample. The range of total scores for
Test 1.2, Session 2 was from 11-42 for boys and from 17-46 for
girls.

Five percentile samples clustered around the 7th, 15th,
30th, 50th, and 98th percentiles of total score distributions.
For each sample, 35 to 45 boys and girls were identified as potential
subjects because of the consistency and range of their imitation
and picture scores. Ranges in total scores on Test 1.2, Session 2,
do not overlap for the several percentile samples, boys and girls:

Sample, loys Girls

7th percentile 9-23 12-27
15th percentile 25-30 29-34
30th percentile 31-36 35-40
50th percentile 37-44 42-44
98th percentile -46- 45-46

According to cross-sectional normative data, articulation
of the 7th percentile samples resembles that of 3k year-old children;
articulation of the 98th percentile samples approximates that of
7 or 8 year-old children; and articulation of the 50th percentile
samples is typical for children in kindergarten.

Three ehoneme samples were identified, in each of which
misarticulation of either the /r/, /1/ or /s/ was the single major
misarticulation, e.g. while the /r/ was misarticulated in nearly
all evaluations, the /1/ and /8/ were never or infrequently mis-
articulated. Six evaluations of each phoneme were available on
Tests 1.1 and 1.2 at Session 2.

In selection of the samples, the percentages of correct
utterance of each phoneme on each test was first determined. Criteria
for stability of misarticulation were established so that, in
effect, a child was included as a potential subject for a phoneme
sample i. he misarticulated that phoneme on at least 83 per cent of
the evaluations and misarticulated the other two phonemes on no more
than 17 per cent of the evaluations. About 200 potential subjects
were identified for the /s/ phoneme samples, and approximately 80
for the /r/ phoneme samples. Howevnr, only 18 boys and 5 girls
were identified as having single /1/ phoneme misarticulations
according to the criterion. Therefore, the number of subjects in
the /1/ phoneme sample, boys,is smaller than for other samples, and
there is no /1/ phoneme sample, girls, since several of the few girls
moved out of the area before Session 11. The specific phonemes
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selected constitute the major portion of articulation therapy
loads of public school speech clinicians. The ranges of total
scores on Test 1.1. at Session 3 are:

Samples Boys

/r/ phoneme 28-43
/1/ phoneme 27-41

/8/ phoneme 291.42

Girls

33-43

26-43

Children who were identified as having organic deviations
related to articulation such as hearing loss, malformation of the
speech mechanism or known mental retardation were eliminated from
the pool of potential subjects. After this, subjects for the final
study samples were chosen using a technique of random selection.
All subjects were given a sweep check audiometer test as part of
the Minneapolis Public School program or by the Minneapolis
Division of Public Health.

The prekindergarten children who were tested at Session 1
were enrolled the following fall in 45 Minneapolis elementary
schools widely distributed geographically throughout the city and
rep-esenting all socioeconomic levels. As the study continued subjects
were followed to whatever schools they attended within a radius of
about 25 miles from Minneapolis. At Session 11 subjects were
enrolled in 131 schools: 52 Minneapolis public schools, 47 suburban
public schools, and 32 parochial or private Minneapolis and suburban
schools.

The schools in which subjects were originally enrolled
were not selected according to any identifiable bias. A letter
describing the pnoject and inviting participation in it was sent
over the signatures of the project director and the Director of
Special Education in the Minneapolis Public Schools to the principals
of the 74 elementary schools. In response to the letter all except
ten of the schools were made available for testing. These ten
schools were unable to participate because of limited space, problems
of scheduling access to children not yet attending school, or
previous commitments to other studies. However, because of
limitations of time and project personnel, it was not possible to
test in all schools that were available for the initial testing.
Those 45 schools in which Session 1 testing was carried on were
selected only because it was possible for them to provide children
and space for testing them at times that would fit into the schedules
of the project speech clinicians.

Children were brought for Session 1 testing by their parents
who had received a single page statement indicating the purpose
of the study and stating that children with good and poor speech
were needed for the study and that speech therapy was not included
as part of it.
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Through cooperation of the participating schools speech
therapy was withheld from all subjects through the second grade.
After this, therapy was given but it marled according to the
practice of the particular school system in which a subject was
enrolled.

The final samples were made up of all 436 subjects tested
at Session 11. No subjects were dropped because of identification
of hearing loss, enrollment in speech therapy during the course
of the study, or because they were not in fourth grade at Session
11. Articulation scores of such subjects fell well within the
range of articulation scores for their particular samples. One
sUbject was identified with a hearing loss sufficient to be
classified as hard-of-hearing. Fifty-seven children who had
received some speech therapy between Sessions 3 and 11 were located
through searching school records and obtaining responses to direct
questions from parents and school speech clinicians. They included
boys and girls in each sample except the 98th percentile samples.
Through Session 6 only five subjects had received as much as ten
hours of speech therapy, and the amount of therapy received by
subjects after Session 6 is not known. Only 36 subjects, 22 boys
and 14 girls were not in fourth grade. Of these 6 were in special
classes, 28 were in third grade and 2 were in fifth grade. Subjects
were below grade in all except the 98th percentile samples. Those
samples in which three or more subjects were below grade were the
7th and 30th percentile and the shift samples for boys, and the
7th percentile and the shift samples for girls.

No subjects were dropped from the analyses because of
incomplete data. Over the eleven sessions, 15 different subjects
were not tested at one session, ten subjects had between two and
five missing or invalid tests, and 47 had one missing or invalid
test. The method of handling incomplete data is described in
the Method of Analysis section.

The study samples decreased by 50 subjects, 29 boys and
21 girls, from the number tested at Session 3 to the number
tested at Session 11. (See Figure 1 for the actual number tested
at each session.) Subjects were lost from all samples and between
all testing sessions: 44 moved out of the area; five were with-
drawn-three at parents' and one at the school principal's request,
and one because of illness; and one was lost track of temporarily.

Information on the characteristics of each sample at
Session 1 is presented in Table A-1: means and standard deviations
for CA, WISC Full Scale IQ, number of siblings, position in family
and mode of socioeconomic status of their fathers. On the whole
the samples are quite similar, but some differences do occur.
Socioeconomic status was classified on the Hollingshead Two-Factor
Index which takes both occupation and education into account (25).

The mode for most samples, boys and girls is,Class 4. The one
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exception for boys and three for girls are either Class 3 or Classes
3 and 4.

On the other variables the range of means for the per-
centile samples nearly encompass the means for the shift and phoneme
samples, both sexes. Ranges in mean scores for all samples are:

Boys Girls

CA 56.94-60.21 56.83-59.96
WISC Full Scale IQ 95.15-112.58 93.85-111.11
Position in Family 1.94-2.80 2.43-3.19
Number of Siblings 2.71-3.82 3.36-4.08

Within the percentile samples the means on all background
variables tend to differ between the 7th and the 98th percentile
samples, boys and girls. For both sexes, the differences are not
statistically significant on position in family or number of
siblings, but do reach the .01 level of confidence on WISC Full
Scale IQ's for both sexes, and on CA for girls. That the mean
ages for the samples have the same relation throughout the study
is seen in the comparability of the number of months between
consecutive testing sessions for all samples (see Table A-2).
IQ's on all intelligence tests administered are presented in Table
A-3.

Measures Used

The measures used have been grouped under ten headings, such
as articulation, speech, and reading primarily for convenience in
dealing with a large number of tests and should not be considered
as representing distinct categories. They were selected or developed
after consultation with experts in the several areas, e.g. the artic-
ulation tests were developed after consultation with speech
pathologists at the University of Minnesota, the University of Iowa
and the Minneapolis Public Schools; spelling and reading measures
were selected and developed in consultation with experts at the
University of Minnesota and the University of Chicago.

A number of tests that were administered dn not enter into
the analyses because not all subjects were tested, or because
categorical or no scores were available. These excluded tests are
listed below and are briefly described in Appendix C since they
will be used in presentations of additional analyses of the longitudinal
data.

1. Tests excluded because of incomplete data:

3.10 Gates Advanced Primary Test, Session 7
9.3 California Test of bbntal Maturity, Session 3
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2. Tests excluded because only categorical scores mere
available:

8.3 Adjective Check List, between Session 9 and 10
8.6 Subject Preference Questionnaire, Session 8
10.3 Evaluation of the Speech Mechanism, Session 3

3. Tests excluded because they are not scored:

5.1 Recording, Session 3 and 9
5.7 Written Composition, Session 11
8.4 Thematic Apperception Test (rAT), Session 10
8.7 Process of Drawing-a-Man, Session 9
8.8 Parents' Questionnaire, Session 7

For all tests included in the analyses quantitative scores
have been used. Descriptions of the 55 tests and the specific scores
used in the analyses are presented in this section. Measures
devised specifically for use in thin study were constructed by the
project director if no other person has been credited.

1. Articulation Measures

Articulation was measured in spontaneous and imitative
responses to English words, in imitative responses in nonsense
words, and in spontaneous responses in sentences. Scores on the
Test 1.1 in which sounds were evaluated in words elicited spon-
taneously were used for sample selection. When the same sounds were
evaluated in words spontaneously elicited and repeated after the
examiner (rests 1.1, 1.2 and 1.3, 1.4) only scores based on the
latter are used in the analyses because correlations between
spontaneous and imitative scores on the same subjects are above
.90 (64), and because imitative scores consistently are based upon
the evaluation of essentially all of the test sounds.

1.1 Prekindergarten Picture Articulation Test. Sessions
1 through 11. This test consists of 47 sound items evaluated in
29 words elicited spontaneously in response to pictures with no
aural model presented. The sound items were selected on the basis
of performance of the 4-and 4%-year-old subjects in Templin's
normative study (63). In this study 60 children, equally divided
between boys and girls, were selected to form a representative
sample according to their fathers' occupations and were tested at
each half-year level between three and five years and at eaCh year
level between five and eight years.

The teat includes all consonants uttered by fewer ,,an

92 per cent of the 4- and 4%-year-old children in the normative
sample, selected /s/, /1/ and /r/ clusters and /1/ and /el/.
Phonemes tested in both initial and final positions were:
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/9/, /11/, /ti/, /v/, /z/, /r/, /1/, /tp, /d31; Phonemes
tested in e initial position only were: / /, /w/, /hid, and
/j/; phonemes tested in the final position only were: /mi, /n/9

/0/, /p/, /t/, /k/, /b/, /d/, /g/, /f/; the /a/ in initial
insters /sm/, /st/, 191/, /str/; the /1/ and the /1/ in clusters
/f1/, /g1/, /ell; the /5/ and the /r/ In clusters /tr/, /br/, and
/str/. The sounds tested and the words in which they were evaluated
are given in Appendix B.

For each sound item, the examiner indicated whether the
child's production had been accurate, and, if not, whether the
dound had been omitted, or inaccurately produced. In Sessions 1

and 2 specific misarticulations were not transcribed, but
beginning with Session 3, and from then on, they were transcribed
using the International Phonetic Alphabet. If accurate tran-
scription of the misarticulation was not possible, previously
agreed upon symbols were used to indicate a distortion or an
approximation of the expected phoneme. The examiner watched the
child produce each sound evaluated so that both auditory and visual
cues were taken into account. If the examiner had difficulty in
evaluating an utterance, the child was asked to repeat the word, to
speak more loudly, to look at the examiner, etc. If the examiner
vas still uncertain of the adequacy of the production of a sound
it was considered incorrect.

The maximum possible score for the total test was 46.
The /hw/ was not counted because it was the only item on which
correct production did not increase with age in Templin's normative
study.

1.2 Prekindergarten Imitation Articulation Test. Sessions

1 through 11. The sound items were identical with those of Test
1.1 but aural models rather than pictures were used to elicit
responses. The examiner said to the child, "Say these words after
me," proceeding in order through the list of test words. The
words in which the sounds were evaluated were the same for Sessions
1 and 2 but differed in some instances from Session 3 because this
test was given as part of the Test 1.5 Long Articulation Ttst.
The sounds and the words in which they were evaluated are given in
Appendix B.

The maximum possible scores used in the analyses were:
total score, 46, total consonant score, 34, initial consonant score,
13, final consonant score, 21, and total cluster score, 12.

1.3 Kindergarten Pictwre Articulation Test. Sessions 3

through 11. To permit an evaluation of all consonant phonemes in
the initial and final positions in syllables, the nine initial
phonemes that had been omitted from the Prekindergarten Articulation .
Tests (1.1 and 1.2) were added: /m/, /n/, /p/, /t/, /k/, /b/, /d/,

/g/. /f/. See Appendix B for a list of all test sounds and the
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words in which they were evaluated. The examiner followed the
same procedure in administering and recording the evaluations
of the sound utterances as was described in Test 1.1 beginning
with Session 3. The maximum score is the same as for Test 1.4
which is used in the analyses reported.

1.4 KinderggEten Imitation Articulation Test. Sessions
3 through 11. The sounds tested in this test were the same as for
the Kind6rgarten Picture Articulation Test (1.3) but the sounds
were evaluated in imitated rather than spontaneous utterances.
The words in which the sounds mere evaluated are presented in
Appendix B. The maximum total score is, 55.

1.5 long Articulation Test. Sessions 3 through 11.
Initial and final two and three consonant clusters, and 4/,
/451 and /ir/ were evaluated in an imitation articulation test.
Tfie consonant clusters measured appear in the initial or final
position of English words, the /61 and /1/ in the final position
following a consonant, and the 431 preceding a final consonant
or consonant cluster. The sound elements were evaluated in words
selected from personal experience, word lists, children's books
and other tests to be as familiar as possible to children. For
sound elements and stimulus words see Appendix B. Procedures
followed were similar to those previously described for Session
3 and follming.

In this analysis only a cluster score, the number of
correct utterances of the sound elements tested is used. The
maximum score is 248. However a total score composed of the
1.5 cluster score and 1.4 total consonant score was computed
and mean scores by pession and sample are presented in Appendix
Table A-13.

1.6 Spencer Nonsense Word Articulation Test. Sessions 3
through 11. Spencer (55) devised this test to measure the child's
ability to produce the initial and final consonant phonemes,
vowels and diphthongs of English in nonsense words repeated after
the examiner. With the exception of rae-za all word stimulus
words are single syllables. In this excegion, the /3/, although

within the word, is considered an initial consonant because it
initiates a syllable. The examiner used the same system of recording
and transcribing the child's utterance as previously describe,'
as used after Session 3. Test words appear in Appendix B.

The maximum of scores used are: total consonant score,
44, initial consonant score, 23, final consonant score, 21.

1.7 Duplicated Repetition Test. Sessions 3 and 5. The
test was devised to determine whether repeated aural presentation
of a word results in a shift to correct production of a
particular misarticulated phoneme in it, and, if so, at what
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point in the series of repetitions correct articulation would
occur.

The test evaluates utterances of /8/, /1/, or /r/ as
consonant singles, parts of consonant clusters or as syllabic
sounds in 26 words. The specific phonetic contexts in which the
sounds occur were selected on the bases of (1) the expectancy of
28 to 53 per cent of correct uttnance at five years of age (63),
and (2) the possibility of the desired phonetic context appearing
in words rated A or AA on the Thorndike-Lorge Word List (67)
or known from experience to be familiar to children (e.g.,
buckle or !plash). The stimulus words with the test elements
underlined appear in Appendix B.

In the administration of the test, the examiner said to
the dhild, "rhis is a repeating game. I'm going to say some
words and I want you to say them after me exactly as I say them.
Sometimes I'll say the same word over and over and sometimes I'll
say the word only once and then say a different one. It doesn't
matter. I want you to always say the word that I say exactly as I
say it." A few words that contained no test sound elements were
used for practice. The examiner said each stimulus word a varying
number of times: either until the child said the sound element(s)
tested correctly, or until he had made seven incorrect utterances.
In order that the repetition of a stimulus word would not become
associated with misarticulation of a sound, a stimulus word was
repeated several times after three consecutive stimulus words
had been produced with no misarticulation of the sound elements.
When only one phoneme was misarticulated (e.g., is!) stimulus
words in which this phoneme was not tested were repeated several
times.

In order to obtain quantitative scores, each sound
element tested was assigned a value: either the number of repetitions
of the stimulus word necessary for the test sound element to be
correctly articulated, or 8, if it was never articulated correctly.
Sums of the assigned values were used to obtain scores, with
maximums as follows: 64 for /r/, 56 for /1/, 48 for /8/, and 168
for the total test. A low score is associated with good articulation.

1.8 Phonemes in Sentences. Session 11. The sentences
used in Test 3.11, Pronunciation of Homographs, also provide for
the evaluation of the articulation of /r/, /1/ and /8/ in words
read aloud in sentences. In each of the 18 sentences one of the
sounds is used in three or four words. The sentences are presented
in Appendix B under Test 3.11, and the construction of the sentences
is described on page 22. Adequacy of articulation is indicated by
the number of correct productions of the sound, with maximum
scores as follows: 18 for /r/, 18 for /1/, 18 for /id, and 54 for
the total test.



2. Speech Measures

Two aspects of speech are included: (1) evaluations
of the general speech production of the subjects; and (2) evaluations
by each subject of his speech and language environment. Additional
information on speech development and performance is available in
the questionnaire filled out by parents.

2.1 Intelli ibilit Ratin Sessions 1 throu 11
Intelligibility was defined as how well a child could be understood
when no attention was paid specifically to voice quality, rate,
pitch, or any other particular speech characteristic. The examiner
rated the subject on the basis of conversation carried on before
any testing at each session. Rating was on a three point scale:
1 if the examiner had no difficulty understanding the subject;
2 if he had some difficulty; and 3 if he had considerable difficulty.
The procedure was adapted from the work of Sherman and her associates.
The ratings are respectively comparable to approximate ratings
of 1, 2 of 3, 4, 5 and of 6, 7, 8, 9 on the Sherman-Morrison Scale
(36, 48, 49).

2.2 Teacher's Rating. Sessions 3 and 7. The degree of
speech deviation of each subject and the extent of its handicapping
effect upon his school performance was rated by kindergarten and
second grade teachers. The instructions given the teachers clearly
differentiated "deviation" as referring to the degree of variation
from adequate speech for children in a given grade, and "handicap"
as referring to the effect of the speech deviation upon the subject's
adjustment in kindergarten or his school work in second grade. Both
deviation and handicap were rated as none, slight, moderate or
extreme, and scored 0, 1, 2, .and 3 respectively.

2.3 Speech in Family Relations 1.1 Session 3. The
subject's emotional attitude toward various kinds of speech
behavior within his family environment was assessed in 20 statements
constructed to follow the pattern and form of the messages in
the Bene-Anthony Family Relations Test for Younger Children
(described as Test 8.1 on page 31). The messages express positive
or negative feelings coming to or going from the subject. Each
message was associated by the subject with one or more of the
figures he selected to represent all members of his family plus
"Nobody." An example of a negative message coming from the
subject is: "N...c3ubject's name) doesn't like to talk to you
because you don't listen. Who doesn't listen to N...?" An example
of a positive message coming to the subject is: "You like to
listen to N. Who likes to listen to N...?" The 20 messages dealing
with speech behavior are presented in Appendix B. They were typed

1
Constructed by Dorothy Huseby, Mary Hartwell, and Mildred C.

Templin.
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on cards, shuffled, and presented to the subjects along with the
Bene-Anthony messages.

A quantitative score for the apeech messages was obtained
by summing the number of positive messages - either incoming or
outgoing - the subject associated with members of his family and
the number of negative messages - either incoming or outgoing -
he associated with "Nobody." The maximum score is 20.

2.4 Speech in Family Relations II.
2

Session 9. The
40 statements used in this test follow the pattern of positive
and negative messages in Test 2.3, Speech in Family Relations I,
but the content was designed for third grade dhildren. In all
statements the form of the Bene-Anthony Family Relations Test for
Older Children was followed, and "This person" rather than the
subject's name was used. An example of positive feeling coming
from the subject is: "This person in the family likes to read
to others." An example of negative feeling coming to the subject
is: "This person in the family sometimes makes fun of the way
I talk."

The one major modification in the administration of this
test was the addition of a figure for "Everybody" to those of the
identified family members and "Nobody" since a number of statements
relate to possible general family activity. The 40 statements are
in Appendix B.

The score is the sum of the number of all positive
statements the subject associated with members of his family and
"Everybod]es and the number of negative statements he associated with
"Nobody." The maximum score is 40.

3. Reading Measures

Measures of reading and of some techniques associated
with reading skill are included both in published tests and in
instruments constructed for use in this study.

3.1 Gates Reading Survey (1960 Revision). Session 11.
The survey (17) consists of three tests. (1) The Speech and
Accuracy Test contains 36 paragraphs each with a comprehension
exercise to determine whether it has been understood. The test
is timed, and the number of exercises correct is the speed of
reading score, maximum 36. (2) The Vocabulary Test is made up of
65 items arranged in order of increasing difficulty. Each item
presents a key word accompanied by five other words from which the
one whose meaning is nearest that of the key word is chosen.

Constructed by Rhoda Olsrud Mackenzie and Mildred C. Templin.
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The score, maximum 65, is determined by the number of correct
responses minus one-fourth the number of wrong responses. (3)
The Level of Comprehension Test consists of 21 passages arranged
in order of increasing difficulty. The score is the number of
correct responses minus the number of wrong responses, with
a maximum of 21. The sum of the Speed, Vocabulary and Comprehension
scores constitute a total score, maximum 122.

3.2 Grade One Vocabulary Recognition.
3

Session 5.
This test was made up of 106 words selected from the vocabulary
in the first grade reader of Scott Foresman (45) after eliminating
proper names and then employing a random numbers technique.
The list of words (see Appendix B) was given the subject and
he was asked to read the words aloud while the examiner noted
his response to each word as (1) word correctly read, (2) no
attempt made to read the word, and (3) word incorrectly read, with
the subject's exact reading attempt recorded. The score is the
number of words read correctly, maximum score 106.

3.3 Grade Two Vocabulary Recognition.
4

Session 7. The
purpose, procedure, and scoring of the reading of the 100 words
selected from the second grade reader of the same reading series
(46) was similar to those for Test 3.2. The second grade words
are presented in Appendix B. The maximum score is 100.

3.4 Letter Sound-Production Test.
5

Session 8. This
test was devised to determine whether a child could associate
an acceptable phoneme with the isolated letter(s) presented
visually. The letters representing the consonant phonemes and
the vowel graphemes of English are: 11, N, P, T, X, B, D, G, F,
TH, S, SH, V, Z, WH, CH, R, 14 H, J, A, E, I, 0, U, C, X, Y,
NG. The examiner said to the subject, "Here are some letters.
I want you to tell me what sounds these letters make." (Pointing
to the first letter), "What is the sound of this letter?" The
examiner continued to obtain the subject's response to all items
on the list. He transcribed the subject's response to each item
using the International Phonetic Alphabet. A response was considered
correct if it was a phoneme that could reasonably be associated
in American English with the letter or letters on the list. The
maximum score is 31. Maximum for consonant and vowel subscores
are 26 and 5 respectively.

Constructed by Gian P. Jain and Mildred C. Templin.
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3.5 Word Pronunciation Tes6t Session 8. The test
was designed primarily to identify the technique or techniques
of word recognition that a child uses when attempting to pronounce
probably unfamiliar words presented out of context. The test
consists of five polysyllabic words (paper, downfallen, interest,
conductor, superstition) each typed on a 3 x 5 card presented
singly to be read aloud. Subjects were encouraged to make all
attempts at pronunciation orally, and the examiner recorded all
such attempts for each word. After the attempts at pronunciation
of the five words had been completed, the examiner recorded his
impression of the most prevalent characteristics of the child's
overall performance by checking appropriate items on a check list
containing items such as: depends mainly on general appearance
of a word; recognizes at sight familiar parts - root words, parts
of compound words, etc.; analyzes syllables, phonograms or other
meaningful units phonetically; depends mainly on sounding individual
letters; depends mainly on naming individual letters.

In this ceport, however, two'quantitative scores are
used: (1) the number of words pronounced correctly on the first
attempt, maximum score 5; and (2) the number of words pronounced
correctly regardless of the number of attempts, maximum score
5.

3.6 &Cullough Phonics Test. Session 10. This test is
Test TV, Sounding Whole Word Test, in the McCullough Word Analysis
Teets (32). It assesses the ability of a subject to identify
consonant and vowel sounds and to blend them into whole words.
Although it was designed for use in the fifth grade, in this
study it was administered to subjects who, if they were at-grade,
were in fourth grade. The test consists of 30 test items, each of
which consists of three strange words and a broken line; e. g.
dran, ghan, trak, None of the words are correctly spelled
English words, but some of them could be English words if the subject
were aware of the sounds associated with the letters. The examiner
said to the subject: "This is a test of your ability to sound
out strange words. Sound out to yourself the words in each row.
If one of them sounds like a word you have heard and know the
meaning of, put a cross on it. If no word in the row sounds like
one you know put a cross on the blank at the end of the row." The
examiner worked through a practice item with the subject to be sure
that he understood the procedure. The score is the number of
correct items. Maximum score is 30.

3.7 McCullough Syllabification Test. Session 10. This
test is Test V, Dividing Words in Syllables Test, in the McCullough
Word Analysis Tests. It is composed of 30 test items in each of

6
Constructed by Ronald J. Johnson.
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which the child is to syllabify a two-syllable word according
to one of eight rules. The test was designed for fourth graders,
and was administered to subjects who, if at grade, were in fourth
grade. The examiner read the instructions: "This is a test of
your ability to divide words into syllables. Each word in the
test contains two syllables. Think what the two syllables in the
words are. Draw a line between the two parts of the word." A
practice item as given the child who was then told to "complete
the test in the same way." In this report the score used is the
total number of words correctly syllabified, maximum score, 30.

3.8 Bond-Clymer-Hoyt Locating Elements in Words. Session
8. This test, Test 7 in The Developmental Reading Test of Bond,
Clymer and Hoyt (7) is designed to measure the child's %nowledge
of the sound of elements within words. In each of 30 items, five
different combinations of letters representing parts of English
words are presented, and for each item the subject encircles
the combination that represents what the examiner has read to him.
For example, when the examiner says the combination cen (as in
center) the subject is to encircle this combination in the
following five that are presented: con, kom, son, nuc, cen.
One point is given for each correct response, and the maximum score
is 30.

3.9 Bond-Clymer-Hoyt Locating Words in Words. Session
8. This test, Test 4 in The Developmental Reading Tests by Bond,
Clymer and Hoyt is designed to measure the subject's ability
to locate parts of words which are useful in word recognition.
It is composed of 36 items in each of which a picture is presented
with a word under it, and the child is to encircle within this
word the shorter word the picture shows. For example, the
word fancy appears under the picture of a fan, and the word
entirely under the picture of a tire. One point was given for
each correct item, and two quantitative scores were obtained:
(1) the number of items correctly completed within five minutes;
and (2) the number of items correctly completed with no time
limitation. The maximum score for both is 36.

3.10 Gates Advanced Primary Reading Test. Session 7.
See Appendix C.

3.11 Homographs.
7

Session 11. This test was devised to
determine the frequency of correct accent of homographs, the
level of difficulty in orally reading specific sentences, and the
adequacy of articulation of /s/, /1/ and /r/ in sentences. The
test consists of 18 sentences to be read aloud. They were constructed
so that one of nine pairs of homographs was used in each sentence

7
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and 18- evaluations of each of the three phonemes were made
(See Test 1.8). The homographs (e.g. pro'iect - project', and
con'tent - content') included were suggested by the work of
Dr. Richard Hodges (24) and were specifically selected because of
the high frequency of their use according to the Thorndike-Lorge
Word List (67) or their liklihood of being familiar to present-day
children. Each sentence was typed on a separate 4 x 6 card and
presented to the child to be read aloud (see Appendix B for complete
list).

For each homograph the examiner recorded whether the
accent was correct or incorrect and, if incorrect, checked such
characteristics of its pronunciation as shift of accent, repetition
or hesitancy. In this report, however, only the number of sentences
in uhich the houlograph is pronounced correctly is used as the
quantitative score, maximum, 18.

For each sentence, the examiner rated the level of
difficulty the subject exhibited in reading the sentence as a whole
as none, slight, or considerable. No difficulty was coded as 0,
slight difficulty as 1, and considerable as 2. Based on the
assumption that each category could be considered a weight, a
weighted score was obtained by summing the products of each weight
(2, 1, and 3) and the number of sentences in which the weight was
assigned. A higher score indicates greater difficulty in reading
these sentences. The maximum weighted score for reading sentences
is 36.

4. Spelling Measures

To test spelling two types of measures are included:
(1) dictation, in which the subjects spell both English words and
nonsense combinations using the sounds of English, and (2)
proofreading, in which subjects are to identify spelling errors
that appear in printed words.

4.1 Iowa Recognition SpelEng Test. Session 8. This test
is taken from the Iowa Tests of Basic Skills (31) and is designed to
measurP the subject's ability to recognize words spelled incorrectly.
The teat consists of 31 items in which five choices are presented:
the first four are words, any of which may be misspelled, and the
fifth is always No Mistakes. The subject is to find any misspelled
words or to indicate that there are no spelling errors. Two scores
are obtained: (1) the total number of correct items, maximum score
31; and (2) a score based on correction for guessing in which the
maximum is also 31.

4.2 Metropolitan Spelling Test. Session 8. The order oA
the 40 words in the Metropolitan Spelling Test (33) was rearranged
from the easiest to the hardest. Words were dictated to the subjects
following the procedure for the administration of the Metropolitan

8
Rearranged by Ronald J. Johnson with permission from publisher.
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Spelling Test in which the word is dictated, used in a sentence,
and dictated a second time. The score is the total number of words
spelled correctly, maximum score,40.

4.3 Dictation Test:
9

Session 11. The test consists of
20 dictated words selected to apply five rules of spelling taken
from the work of Hodges and associates (23, 24) that relate to
pluralization and the spelling of certain sounds in varying contexts.
The procedure followed is similar to that of the Metropolitan
Spelling Test. The words and the sentences in which they are used
are presented in Appendix B. Two quantitative scores are obtained
and used in this report: (1) the number of words in which the
particular rule tested is correctly applied, maximum score, 20;
and (2) the number of words spelled correctly, maximum score, 20.

4.4 Sound Letter-Production Test.
10

Session 9. This
test was designed to permit the subject to furnish the letters
that typically represent the consonant sounds used in 23 nonsense
consonant-vowel-consonant combinations dictated by the examiner. In
the combinations, the same vowel is used throughout, and each
consonant phoneme is presented in the initial and final position if
it appears in these positions in English words. The combinations
dictated are: mid7, ni. Dim. tid, kif, biv, dig, al. Igo

411119-M, :1-19 zin, .t.5 if, dr it, riz, 490 mg,
wib,

In administering the test, the examiner said to the subject,
"I want you to write some words for me. These aren't real words,
but they have the same sounds in them as some real words do. Listen
carefully to the word I say, and then write it the way you think it
would look. I'll give you a hint. The second sound in each of
these words is in i. The first word is mid. Remember, when
you write the word, the middle sound will anmys be an i." Each
combination is said twice for the subject.

In the quantitative scores used, each consonant sound
spelled correctly is counted one point. The scores are: (1)

initial consonant sounds spelled correctly, maximum score, 23;
(2) final consonant sounds spelled correctly, maximum score, 23; and
(3) total number of consonants spelled correctly, maximum score, 46.

5. Language Measures

Two types of language measures are included: (1) samples
of children's oral and written language obtained under controlled
conditions, and (2) tests devised to measure performance on specific
aspects of language.

9
Constructed by Sylvia Rosen and Mildred C. Templin.
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5.1 Recording. Sessions 3 and 9. See Appendix C.

5 2 Berko Nor holo Test Sessions 3 5 and 7 This
research instrument was devised by Berko (5) to determine a child's
ability to apply different types of morpholoecal rules to nonsense
words. The instrument is made up of 33 items in which the rules
for formation of plurals, possessives, tenses, etc. can be applied.
For example, the rule that the plural of a stem ending in Is, z,3 ,

d3/ is formed by the addition of a syllable, raz/, is tested
in the formation of the plurals in the nonsense words tass, niz, kazh,
Wick and ,loodge. Pictures represent the nonsense words. For
example, in the formation of the plural of kagli, the examiner,
pointed first to the upper figure pictured on a 5 x 8i card and
said, "Here is a gutch." Then indicating two similar figures in
the lower part of the card, he said, "Now here is another one.
There are two of them. There are two---.° The child's response
was recorded using the International Phonetic Ainhabet.

Some arbitrary scoring decisions were made to minimize
the effect of any misarticulations upon a child's morphology score.
For example, the plural of a word ending in /p, t, k, f, 9/ is formed
by the addition of /8/ to the stem. Credit was given if the /s/
or any unvoiced sound, any fricative sound, or any sound habitually
substituted for the /s/ by a given child was added.

While the nature of the incorrect response has been
classified', in the analyses the quantitative score used is the
number of correct responses, maximum 33.

5.3 Berko Com ound Word Test. Sessions 3 and 5. This
research instrument was devised by Berko (5) to determine whether
children were aware of morphemes making up conpound words. The
subject was to tell why the things designated by the following
compound words were so named: afternoon, airplane) birthday,
breakfast) blackboard,, fireplace, football, handkerchief, holiday,
...trim.1...o-rol.ndm, newspaper, sunshine, Thanksgivinst, Friday,. The
subjects responses were transcribed verbatim and classified into
nine categories. The quantitative score used is the sum of responses
in three of the categories that indicated the subject had some
understanding of the meaning of the word: (1) etymological explanation
that takes into account both parts of the word, (2) reference to
object's salient function or feature, e.g., "You write on it." and
(3) salient feature or function coincides with part of name, e.g.,
"Because it is black." The maximum score is 14.

5.4 Berko Word Usage Test. Session 6. This research
instrument was devised by Brown and Berko (8) to determine whether
the attributed meaning of a nonsense word used in a sentence was
expressed by the subject in the same part of speech as the nonsense
word. The test consists of 12 sentences in which the nonsense word
is used twice as a count noun, 1 mass noun, a, transitive verb,
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an intransitive verb, aa adjective and an adverb. The order of
presentation of pictures of a persot or animal doing nothing
and twelve nonsense words used in the presentation of the items
was systematically predetermined. Illustrations of the attempt
to elicit a noun and an adjective fellow. In the former the
examiner said: "Do you know what a ituji is? This is a picture
ofa (littleboy) thinking about a ma. What do you think that
could be?' For the latter the examiner said "....Th is is a
picture of a (little girl) thinking about something yuggy . . . . "

The score for the test is the number of sentence-items in which
the nonsense word was translated into a conventional English word
of the same part of speech. Maximum score is 12.

5.5 Sentence Completion Test.
11

Session 8. Ten open-end
stimulus phrases are used to elicit written sentence completions.
The stimulus phrases were constructed to sample attitudes toward
a variety of language experiences and were cast so that different
language structures would be used in completing them, e.g., "When
I have to read ." "Spelling is ." The stimulus
phrases are presented in Appendix B.

Scores used are: (1) total number of words used in the
sentence completions; (2) number of different words used; (3)
number of hard words used. Hard words are defined as those not
contained in the Dale List of 769 East Words (12).

5.6 Jenkins-Palermo Word Association Test. Sessions 6 and
10. The test consists of the 100 words used by Palermo and Jenkins
with subjects from first grade through college. The examiner
read the test words to each child individually and wrote his responses
on the test blank. The commonality score is the sum of the most
frequent responses of Palermo and Jenkins' normative subjects
of the same age and grade used by each child (28, 39, 40). Scores
at Session 6 were based on normative data for second grade boys
and girls; those at Session 10 on that for fourth grade boys and
girls. Maximum commonality score is 100.

5.7 Written Composition. Session 11. See Appendix C.

6. Auditory Stimulus Measures

Tests included in this section represent a variety of
measures in which auditory stimuli are used. Many of the tests
measure behavior associated with reading readiness and early reading.

6.1 Spencer Identification of Initial Sounds. Sessions
3 and 5. The test devised by Spencer (55) to assess a Child's
ability to identify pictures beginning with selected single sounds
presented aurally was increased from seven to ten items. After a

11
imstructed by Susan B. Prindle and Ronald J. Johnson.
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child had named the pictures of fifteen objects the examiner told
him to listen carefully and then to find a picture of something
that began with the single sound that the examiner uttered. The
15 pictures, with the ten test items marked with an asterisk follow:

meat *sock *table iron *feather
baby *wagon bike bittens *chicken

*hammer *lamp *candy *apple *doll

In Session 3 the test was discontinued if the child failed to pass
the first three items after several preliminary illustrations. In
Session 5 the entire test was always given. The score on the test
is the number of correct responses, maximum 10.

6.2 Spencer Rhyming Words Test. Sessions 3 and 5. The
test consists of ten items, five in which the rhyming word was
identified from among eight pictures, and five in which the child
is asked to give a word that rhymes with a stimulus word produced
by the examiner. The test is similar to that developed by Spencer
(55) except that the number of items is increased from eight to
ten. The child was asked to find among pictures of ma, cat, bus,
bed, horn, tent, coat, bread those that rhymed with sat, boat,
corn, us, sent. Two demonstration items were provided. The five
words for which the child was asked to find rhyming words
without pictures are: hear, tree, fair, nose, fun. Maximum scores
are: picture items% 5, nonpicture items, 5, total test, 10.

6.3_Spencer Synthesis of Words. Sessions 3 and 5. The
test consists of 16 items. Eight items measure the child's ability
to synthesize words from 4.:wo or three syllables, e.g., from ba - by
or um - brel - la. Eight items measure ability to synthesize words
from two or three sounds: e.g. S - u or f - - . The test is
similar to that described by Spenter (55) except tEat it has been
lengthened. The maximum scores are: synthesis of syllables, 8;
synthesis of sounds, 8; total synthesis score, 16.

6.4 Monroe Sound Discrimination. Session 4. This is
Auditory I Test in the Monroe Reading Aptitude Tests (34). It
consists of a series of nine line drawings of a boat, sup, hen,
hand, basket, rat, flower, hammer, streetcar. For each the child
is asked to identify the correct pronunciation of the pictured object
from among three English words differing in only one phoneme said by
the examiner. Maximum score is 12.

6.5 MOnroe Synthesis of Words Test. Session 4. This is
Auditory II Test in the Monroe Reading Aptitude Tests (34) in
which the child is to identify each of the following 12 pictures
from the separate sounds of the word uttered by the examiner: shoe,
cat, mother, house, track, ma, 12E, geg., maim, puddle, ma, bud.
The maximum score is 12.
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6.6 Templin Sound Discrimination Test. Sessions 3 and
5. The test consists of 50 pairs of syllables that have been found
most discriminating and used in earlier work by Templin (63). Each
pair, either an identical pair (e.g. le - le) or a minimal pair
(e.g. e - etp was uttered by the examiner and judged to be
"Same" of "Dif erent" by the child. The maximum score is Q.

6.7 Harrison-Stroud Matching Sounds I. Session 4.

This is Test 4 from the Harrison-Stroud Reading Readiness Profiles
(21). For each of 16 items three pictures are presented within
a boxed area, and the child is to draw a line from the stimulus
picture to the one other picture that begins with the same sound.
The stimulus pictures are: radio, Az, leaf, soldier, ma, finger,
mitten, comb, book, rubbers, nut, can, 212., table, horse, wood.
One point is given for each correct response, with a maximum score
of 16.

6.8 Harrison-Stroud Matching Sounds II. Session 4.
This is Test 5 from the Harrison-Stroud Reading Readiness Profiles
(21) in which the child is to identify an initial sound from
within a category for 18 items. For example, pictures of rim,
rabbit, and calf are presented and the child is told the following
story and then asked to identify the pet that ran sway: "Roy
had two pets on his grandfather's farm. One pet ran away. The
pet that ran away begins like Roy's name." Maximum score is 18.

6.9 Amditory Memory Test.
12

Session 7. Separate
scores are obtained for each of the four parts presented in Appendix
B. Part 1, nigit Repetition, contains seven items in which two to
nine digits .,re to be repeated. Maximum score, 9. Part 2, Word
Repetition, consists of six items in which three to six unrelated
words are to be repeated in the appropriate order. Maximum score,
6. Part 3, Story Comprehension, in which "The School Concert" (57)
was read aloud and questions about the story asked the child.
Maximum score, 6. Part 4, Sentence Repetition, in which nine
sentences that systematically increase from five to 21 words in
length are to be repeated after the examiner. Score is the number
of words in the longest sentence accurately repeated. Maximum
score is 21.

6.13 Spencer Nonsense Recall. Session 3 and-5. Test was
developed by Spencer (55) to determine a child's ability to reproduce
correctly sounds and syllables presented to him with mock conversational
inflection. It consists of 12 items in which the number of syllables
ranges from two (e.g. b - k/) to five (e.g. b0.-- ker - no - pe -
di). Two scores were obtained: (1) the number of items in which

both the number of syllables and the articulation of the sounds in the

12
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entire phrase were correct; and (2) the number of items in which
the correct number of syllables was repeated with no consideration
of the articulation of the sounds. Both maximum scores are 12.

7. Visual Stimulus Measures

All tests are either part of or an entire previously

published test. Most of the measures are associated with reading
readiness or with early reading skill.

7.1 Metropolitan Readiness Test. Session 4. The
Metropolitan Readiness Test, Form R (22) was designed for use at
the end of kindergarten or at the beginning of the first grade. Six

separate subtests make up the test. They, and the maximum score for

each, are: Word Meaning, 19; Sentences, 14; Information, 14;
Matching, 19; Numbers, 24; Copying, 10; and Total Score, 100.

7.2 Murphy-Durrell Mhtching Letters. Session 4. From the

Murphy-Durrell Reading Readiness Tests (37), Items 1-26 of Test
2 Visual were used. The child matches a single letter with one of
five letters in a row in his test booklet. Published directions

were followed in the administration except that they were adapted

for use with individual children, e.g. the stimulus letter was
presented the child on a 3 x 5 card. The maximum score is 26.

7.3 Murphy-Durrell Matching Words. Session 4. This test

is Items 27-52 of Test 2 Visual of the Murphy-Durrell Reading
Readiness Teats (37). The child matches a single stimulus word with
one of five words presented in his test booklet. Except that the
stimulus words were presented on a 3 x 5 card published directions

were used with the individual children. The maximum score is 26.

7.4 Clymer Picture Squares. Session 4. This test developed

for research use by Dr. Theodore Clymer (11) provides a series of
nine pictures massed into squares containing three rows of three
pictures each. The task for the child is to draw a line between the
two identical pictures in each of 18 squares within the two minutes

allotted. In four practice items the child was given as much help
as needed to understand the task. Three scores were obtained:

(1) the number of correct items, (2) the number of items attempted,
and (3) the ratio between the number correct to the number attempted

times 100. The maximum scores are 18, 18 and 100, respectively.

7.5 Gates Recognition of Digits. Capital and Lower Case

Letters. Session 4. This test from the Gates Primary Reading Test
(15) was designed to determine whether a child could orally identify
the digits through 9, and the 26 lower case and capital letters.
The maximum for the three scores obtained is: Digits 10; Lower

Case Letters 26; and Upper Case Letters 26.
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Personality Measures

The category, Personality Measures, covers a variety of
types of measures that are loosely related to the subject's
personality, adjustment and perceived environment. The instruments,
for the most part, are clinical and sometimes exploratory in na_ure.
Results on many are not included in the analyses because they give
categorical scores, or no scores are yet available.

8.1 Bene-Anthony Family Relations Test. Session 3. This
clinical instrument (4) provides an objective technique to explore
the child's feeling towards the various members of his family and
his estimate of their reciprocal regard for him. The test material
consists of 21 figures representing people of both sexes and various
ages, each attached to the front of a box with a slit in the lid.
From these the child selects figures to represent the actual members
of his family. The figures selected plus a figure representing
"Nobody" are considered in his responses to 40 questions or messages
printed on small cards. These messages sample: (1) positive feelings
coming from the child, (2) positive feelings experienced by the
dhild as coming from others, (3) negative feelings coming from the
child, (4) negative feelings experienced by the child as coming
from others, and (5) feelings of dependency on others.

In the administration of the test, the cards are first
shuffled and then the message on each card is read to the child who
associates it with a person or persons represented by the selected
figures. An example of a message in the area of positive feeling
coming from the child is: "(Name of child being tested) thinks you
are nice. Who is nice?" An example of negative feelings experienced
by the child as coming from others is: "You say (Name of child) is
naughty. Who says (Name of child) is naughty?"

In a clinical evaluation, the distribution of the various
types of messaras is considered. A quantitative score was devised
to indicate the extent of the positive attitude of the child to his
perceived family situation. It does not include dependency items,
but is the sum of all positive messages associated with any family
member and all negative messages associated with "Nobody." The
maximum scores is 32.

8.4 Bender-Gestalt Test. Session 10. The Bender-Gestalt
Test (3) was scored using the Koppitz (30) system to obtain both
total developmental and emotional scores. The better score is the
lower score for the emotional scale.

8.3 Adiective Check List. Before Session 10. See Appendix C.

8.4 Thematic Apperception Test. Session 10. See Appendix C.
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8.5 Teacher's Rating.
13

Session 8. The teacher

separately rated the attention span and listening ability of each

child on a four-point scale indicating their possible handicap

for school experience. Scores as followed were assigned on each:

no handicap, 0; a slight handicap, 1; a moderate handicap, 2;

a severe handicap, 3.

8.6 Subject Preference Questionnaire. Session 8. See

Appendix C.

8.7 Process of Drawing-a-Man. Session 9. See Appendix C.

8.8 Parents' Questionnaire. Session 7. See Appendix C.

Intelligence Measures

The following standard tests of

9.1 Wechsler Intelligence Scale
Before Session 10. IQ's are based on the
Full Scales of the WISC (70).

intelligence were given:

for Children (WISC).
Verbal, Performance and

9.2 Ammons Full-Range Vocabulary Test. Session 3.

IQ-Equivalents are used (1).

9.3 California Test of Mental Maturity. Session 3.

See Appendix C.

9.4 Goodenough-Harris Draw-a-kan Test. Sessions 5 and 9.

The Harris revision of scoring was used (23).

9.5 Porteus Maze Test. Session 11. Only the quantitative

scores, IQ and Test Age, are used, although qualitative scoring was

done (41, 42).

10. Motor Measures

Tests included under Motor Measures have a substantial
motor component although they are not tests of specific motor

abilities.

10.1 Stambak Test of Rhythm. Session 11. Two of the

three separate tasks in the Stambak Test of Rhythm (74) are included

in the analyses. (1) The spontaneous tapping rate task was given

as the first and last item. The subject was asked to tap the table

with a pencil over and over again until told to stop. The score

was the time in tenths of seconds taken to tap 21 times, with the

timing begun after five or six taps. (2) The reproduction of

rhythmic patterns task consists of the reproduction by ehe child

of the pattern tapped out of his sight by the examiner. The task

is made up of 21 items, but is terminated after four consecutive

13
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failures except that 12 patterns are always presented. Scores are:

the number of correct patterns correctly reproduced among the

first 12 items, maximum score 12; and the number of patterns
correctly produced in the entire test, maximum score 21.

10.2 Evaluation of Handwriting. Session 8. The subject's

handwriting on Ttpt 5.5, Sentence Completion, was evaluated on a

five-point scale devised especially for the project.

10.3 Adequacy of Speech Mchanism. Session 3. See

Appendix C.

Administration of the Tests

All children were tested individually except in those
few instances that were noted in the description of the measures.
Since the testing was carried on in a large number of schools, the

procedures used took into account a wide variation of physical testing

conditions. Testing was carried on primarily in October and November

and April and May of each year. Tests were administered by persons

initially selected because of their qualifications and then given
specific training preceding each testing period. Articulation

tests were administered by speech clinicians, for the most part

at the Master's level with some experience in the public schools.

Other measures were administered by the speech clinicians or persons

with backgrounds in psychology or education. In addition to the

testing by the project examiners, the Minneapolis Public School

speech clinicians administered Tests 1.6, 1.7, 6.6 and 6.10 at

Session 5, and eight psychometrists administered the WISC during

the summer between Session 9 and 10. The examiners were not aware

of the bases for selection of samples for study.

Before each testing period, training sessions were
conducted on the particular tests to ensure maximum agreement on
procedures among the examiners. Administration of the tests was

demonstrated; examiners were observed in their administration of

new measures to practice subjects. When evaluative judgments were

necessary, criteria for them were precisely stated. Reliability

among the examiners was established before any tests were administered

to longitudinal study subjects.

The psychometrists who administered the WISC were
employed as school psychologists during the school year or were

graduate students at the University of Minnesota with sufficient

training and experience in the use of the WISC to be considered

qualified testers. A training session was conducted by a clinical

psychologist to ensure uniformity in administration and in scoring

procedures used. The clinical psychologist rescored all the WISC's,

14 Constructed by Karen Lamb.
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and these scores have been used in the analyses reported.

Throughout all the testing not only the correctness or
the incorrectness of a response, but the particular incorrect
response was noted. For example, in vocabulary recognition
tests, 3.2 and 3.3, if the word was incorrectly read the actual
response was recorded. Although in the analyses presented,
only quantitative scores based upon the correctness and incorrect-
ness of the responses are used, data are available so that charac-
teristics of performance of individual subjects can be considered.

Method of Analysis

Using the quantitative scores indicated in the description
of the measures, analyses were made to: (1) trace change in mean
articulation scores for each sample from session to session;
(2) compare mean performance of the several samples on non-artic-
ulation measures obtained throughout the course of the study;
and (3) determine, within each sample, the correlation between
articulation and non-articulation test scores. In all analyses
the percentile, shift and phoneme samples, boys and girls, were
considered separately. Since samples were drawn for study according
to certain aspects of articulation performance in kindergarten,
they could not be combined to represent the total population of
subjects tested in Session 1.

The statistical techniques used were simple. For the
first two analyses means and stand-xd deviations were inspected,
and t tests used selectively to determine the significance of
differences obtained. The selective use of the t test is
illustrated in comparing articulation scores of the 7th and the
98th percentile samples. It was first applied where the actual
difference in scores was smallest (in most instances at Session
11). If this smallest difference was found to be statistically
significant at the .01 level of confidence all greater differences on
the same score were considered significant at that level, except
when large standard deviations indicated that the significance
of the difference be calculated. If the smallest difference was
not significant or significant at the .05 level of confidence, the
t test was applied successively to the next greater differences
(usually to the preceding test session) until the pattern of
significance had been ascertained. A similar selective determination
of the significance of differences was applied to comparisons of
non-articulation scores obtained by the percentile samples, and by
the phoneme samples,boys and girls.

For the third type of analysis product-moment correlations
were computed between criterion scores and quantitative test scores
for each sample at each session using a computer program for missing
data correlations. The criteria measures selected were: 1.5,

Long Articulation Test, cluster scores, Session 6 and Session 11;
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4.2, Metropolitan Spelling Test, Session 8; and 3.1, Gates Reading
Survey, Session 11. (Means and standard deviations of these
scores are presented in Tables A-9 and A-17.) The spelling and
reading criteria scores were based on standardized tests administered
as late as possible in the series of test sessions. The criterion
reading test was administered at Session 11. The criterion
spelling test was selected from an earlier session, because the
spelling test administered at Session 11 was constructed specifically
for the study and was not a standardized measure. Articulation
criterion scores were obtained when subjects, at-grade would have
been beginning second or completing fourth grade. The Session 6
criterion was selected because public school speech therapy practice
and cross-sectional studies suggest this grade level as a period
when mature articulation should be apparent, and because it was
also the terminal testing session supported under USOE Project
# 818. The cluster score was selected as the criterion because it was
based on a larger number of items than any of the other articulation
scores; it does not include any evaluation that is used in determining
another articulation score; and means for all samples are below the
maximum score at Session 11.

Data on individual subjects were, on the whole, nearly
complete. Nevertheless, it is almost inevitable that some tests
are missed or invalid when a large number of tests are given
subjects over a five-and-a-half year span. Of the nearly 60,000
tests administered 241 missing or invalid tests were scattered
among the different sessions, samples and subjects. All missing
scores were estimated and used in the calculations. The estimated
score based on a test that was administered at only one session was
the calculated mean of that test score for the particular sample
and session. If a subject was missing a score based on a test
that was administered in successive sessions, the estimated score
was the best judgment based upon the subject's awn scores at the
immediately preceding and following sessions, and upon the means
of his sample at these sessions and the one in which the missing
score occurred.

It is probable that the 50 subjects lost from the sample
did not substantially change the results obtained. Several
articulation scores of each of these subjects were compared with
the distributions of the same scores for the samples from which
they had been dropped at Session 3 and at the last session for which
data were available for the dropped subjects. Because these subjects
were scattered throughout the samples and sessions, only general
comparisons were possible. However, all scores fell within the
range of the distributions of the particular samples and sessions
at which comparisons were made. A very few of the dropped subjects
in the 7th percentile sample had scores that tended toward the
upper extreme of the distribution for their sample, but they still
were clearly more like their awn sample than the 15th percentile
sample.
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RESULTS

Results of the analyses of articulation development and

of the relations between scores on various measures and articulation,

reading and spelling are presented for the percentile, shift and

phoneme samples, boys and girls.

Articulation Development

Means and standard deviations for all of the scores that

are used in the analyses of articulation are presented in

Appendix A for the percentile, shift and phoneme samples for boys

and girls, and for each session in which the scores were obtained.

Repeated Articulation Measures

The scores of repeated measures used to trace development

of articulation are listed below.

1.2 Prekindergarten Imitation Articulation Test: Session

1 through 11

total score (Table A-4)
initial consonant score (Table A-5)
final consonant score (Table A-6)
total consonant score (Table A-7)

1.4 Kindergarten Imitation Articulation Test: Sessions

3 through 11

total score (Table A-8)

1.5 Long Articulation Test: Sessions 3 through 11

cluster score (Table A-9)

1.6 Spencer Nonsense Word Articulation Test: Sessions 3,

5 through 11

initial consonant score (Table A-10)
final consonant score (Table A-11)
total consonant score (Table A-12)

Examination of Tables A-4 through A-12 indicates that the

patterns of change in mean scores from test session to test session

differ among the samples, but are quite consistent for all

articulation test scores and for each sex. Data on Test 1.2,

total scoretand Test 1.5, cluster scoreore presented graphically

for both sexes in Figures 2 through 5 as illustrative of changes

in all test scores over the testing period.
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Percentile Samples. For each repeated articulation
measure the percentage of possible score attained by the percentile
shift and phoneme samples at Session 11 is presented in Table 2.

Table 2. Percentage of Possible Articulation Scores at Session 11
for Percentile, Shift and Phoneme Samples by Sex.

BOYS Rercentile Samples
Test and Score 7 15 30 50 98

1.2 Total 82.6 89.9 94.2 95.1 96.6
1.2 Initial Consonant 88.0 92.3 96.5 96.2 98.8
1.2 Final Consonant 88.5 92.3 94.0 97.1 96.2
1.2 Total Consonant 88.4 92.3 94.9 96.7 97.2
1.4 Total 85.4 91.6 93.7 95.8 97.2
1.5 Cluster 85.6 93.8 94.9 97.0 98.5
1.6 Initial Consonant 91.3 94.8 97.2 98.2 99.3
1.6 Final Consonant 85.0 92.0 94.9 95.0 98.0
1.6 Total Consonant 88.3 93.4 96.0 96.1 98.7

GIRLS

1.2 Total 89.0 91.6 96.2 97.0 97.7
1.2 Initial Consonant 95.2 93.5 97.5 98.8 96.5
1.2 Final Consonant 91.4 93.7 96.4 97.2 95.8
1.2 Total Consonant 92.9 94.0 96.8 97.9 95.8
1.4 Total 90.8 92.9 96.9 97.5 98.0
1.5 Cluster 91.5 93.0 96.7 98.1 98.7
1.6 Initial Consonant 96.2 96.9 98.6 99.2 99.5
1.6 Final Consonant 92.7 94.4 95.2 97.1 98.0
1.6 Total Consonant 94.5 95.7 97.0 98.2 98.8

BOYS
Shift Phoneme Samples
_Sam"Le JEL

1.2 Total 90.7 95.9 97.7 91.5
1.2 Initial Consonant 95.1 98.2 98.6 93.6
1.2 Final Consonant 92.2 96.2 97.8 93.8
1.2 Total Consonant 93.3 96.9 98.1 93.7
1.4 Total 92.1 95.9 98.1 92.9
1.5 Cluster 94.1 95.0 98.5 94.4
1.6 Initial Consonant 97.2 98.3 98.2 94.3
1.6 Final Consonant 92.0 95.1 96.9 91.5
1.6 Total Consonant 90.7 96.7 97.6 91.5

GIRLS
1.2 Total 94.7 97.6 90.7
1.2 Initial Consonant 98.3 98.4 =MID= 91.7
1.2 Final Consonant 95.4 97.8 IMIe 92.0
1.2 Total Consonant 96.5 98.0 =IMOD 91.9
1.4 Total 95.6 97.8 4MIMIM 92.1
1.5 Cluster 96.0 97.8 93.0
1.6 Initial Consonant 98.0 99.1 95.5
1.6 Final Consonant 93.4 96.0 93.0
1.6 Total Consonant 95.8 97.6 =MIMI 94.3
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From this table it is seen that at Session 11 the mean
articulation scores attained by the 50th and 98th percentile samples,
boys and girls, and for the 30th percentile sample, girls, are all
above 95 per cent of the maximum. The percentage scores attained
by the 7th percentile samples are the lowest for both sexes:
essentially they are in the 80-90 percentage range for boys end in
the lower 90 percentage range for girls. At Session lt the 7th,

15th and 30th percentile samples,boys,attain successiveiy higher
percentage scores on all tests. The same holds for these
percentile samples, girls, on all except Test 1.2, initial consonant
score. On most tests the scores of the 15th percentile sample girls,
and the 15th and 30th percentile samples, boys, are somewhat
higher, but still below those of the upper percentile samples.

Throughout the testing period, the mean scores of the
7th percentile samples are lowest at each testing session. For boys,

mean scores of the 7th percentile sample are significantly below

those of the 98th percentile sample at the .01 level of confidence
on all articulation tests at all sessions with one exception:

Test 1.2, final consonant scores, Session 11, differ at the .05 level.
For girls through Session 10 all differences between scores of the
7th and 98th percentile samples are significant at the .01 level
except for Test 1.2, Session 10, final consonant score, which
reaches the .05 level. At Session 11 for girls, however, differences
are not significant for Test 1.2, total and initial consonant
scores; at the .05 level for Test 1.2, final consonant score, and

for Test 1.6, initial and final consonant scores; and at the .01
level for total scores on Tests 1.2, 1.4 and 1.6, and for Test
1.5 cluster score.

The relative positions of the percentile samples remain the
same on all articulation test scores either from Session 2 through

Session 11 or until about 95 per cent of the maximum score on any
particular measure is attained (see Figures 2 through 5 for

examples).

When the mean scores attained by the 7th percentile samples,
both sexes, at Session 11 are compared with those attained through-
out the testing sessions by the other percentile samples, the con-

sistency and extent of the retardation in their articulation
developmentare apparent. In Table 3 it is seen that the mean scores
attained by the 7th percentile samples, both sexes, at Session 11
sispattained by the 15th percentile samples from two to four sessions,

or one to two years earlier; by the 30th percentile samples from
five to six, or two-and-a-half to three years, earlier; by the
50th percentile samples either before the initial testing or from
six to ten sessions (three to four years) earlier; and by the
98th percentile samples before the initial testing or about
four-and-a-half to five-and-a-half years earlier on all articulation

scores.
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Table 3. Earliest Session at Which Man Articulation Test Scores
of Other PerceLtile, Shift and Phoneme Samples
Approximate Those of the 7th Percentile Samples at
Session 11, Boys and Girls.

BOYS Percentile Shift
2012111 Small Phoneme Samples

LEL 1.11_ _LELTest and Score 15 30 50 98

1.2 Total 7 5 1 * 6
1.2 Initial Consonant 8 5 3 * 6
1.2 Final Consonant 8 6 2 * 7

1.2 Total Consonant 9 6 4 * 7

1.4 Total 7 5 @ @ 6
1.5 Cluster 7 5 @ @ 6
1.6 Initial Consonant 7 5 @ @ 7

1.6 Final Consonant 7 5 @ @ 5

1.6 Total Consonant 7 5 @ @ 6

GIRLS

1.2 Total 8 5 1 * 6
1.2 Initial Consonant 9 7 4 * 8
1.2 Final Consonant 8 6 2 * 8
1.2 Total Consonant 8 6 2 * 8
1.4 Total 8 5 @ @ 6
1.5 Cluster 8 6 @ @ 7

1.6 Initial Consonant 9 5 @ @ 8
1.6 Final Consonant 9 6 @ @ 9
1.6 Total Consonant 8 6 3 @ 8

* Before initial testing, Session 1
@ Before initial testing, Session 3

2 3 5

4 3 6

2,5 1,5 6

5 5 6

5 3 5

5 3 5

3 3 5

@ @ 0
@ @ 3

5

6

5

6

4

6

5

5

5

8

9

9

9

8

8

9

9

9

Shift Sample. From Table 2 it ia seen that in the shift
samples the percentage articulation scores attained by the girls are
consistently slightly higher than by the boys. At Session 11 mean
scores on all tests are similar to those of the 15th to 30th
percentile samples, both boys and girls. In no instance, however,
do these scores differ significantly (at the .05 level of confidence)
from the scores attained by the 50th percentile samples.

Over the entire testing period, development of the shift
samples most resembles that of the lower percentile samples.
Examination of Tables A-4 through A-12 and Figures 2 through 5
shows that, with few exceptions, mean scores of the shift samples,
boys and girls, fall between the scores of the 15th and 30th
percentile samples at each session for all tests.

Mean scores of the shift sample, boys, approximate those
attained by the 7th percentile samples at Session 11 on the nine
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articulation test scores about three years earlier. Those for
shift sample, girls, approximate the performance of the 7th per-
centile sample from two to five sessions or one-and-a-half to
two-and-a-half years earlier. (See Table 3.) These differences
are similar to those of the 15th and 30th percentile samples
when they are compared with the status of the 7th percentile sample
at Session 11.

Phoneme Samples. It should be recalled that it was
possible to select /r/, /1/ and /s/ phoneme samples, boys, at
Session 2, but that only /r/ and /s/ phoneme samples, girls,
could be selected. This suggests that girls more rapidly develop
adequate production of the phoneme /1/.

At Session 11 the mean articulation scores attained
by the /r/ and /1/ phoneme samples, boys, and the /r/ phoneme
sample, girls, are all above 95 per cent of the maximum possible,
and thus, are similar to those attained by the 50th to 98th percentile
samples. Scores for the /E/ phoneme samples, both sexes, range
between 90 and 95 per cent of maximum score and approximate the
mean scores obtained at this session by the lower percentile
samples. Nevertheless, at Session 11, the mean scores attained by
the several phoneme samples do not differ significantly on any
test score for girls. For boys, only on Test 1.5, cluster score,
does the /1/ phoneme sample exceed the /r/ and /s/ phoneme samples
at the .05 level of confidence.

Over the entire testing period, the articulation scores
of the /r/ and /s/ phoneme samples, girls, do not differ
significantly. Among the three phoneme samples for boys, no
test scores differ significantly except Test 1.5, cluster score.
On this score the /1/ phoneme sample, boys, consistently receives a
higher score than the /r/ or /s/ phoneme samples at all test sessions.
Differences between the /1/ and /r/ and between the /1/ and /s/
phoneme samples reach the .05 or .01 level of confidence at all
sessions except Session 6. Although the articulation scores for
the /r/ phoneme samples are consistently higher than those of the /s/
phoneme sample, the differences are significant only at Sessions 3
and 4.

Examination of Tables A-4 through A-12, and Figures 2
through 5 suggests that the rate of development of good articulation
is slightly more accelerated for the /1/ and /r/ than for the /s/
phoneme samples. For boys, articulation test scores for all three
phoneme samples tend, on the average, to resemble those of the 30th
to 50th percentile sample in the early testing sessions. Scores

of the 50th and 98th percentile samples are approximated by the /1/
phoneme sample at about Session 7, and by the /r/ phoneme sample at

Session 11. In the later testing sessions scores of the /s/ phoneme
sample are most similar to those of the 15th to 30th percentile
samples. For girls, scores for both /r/ and /s/ phoneme samples
are most similar to those of the 15th to 30th percentile samples at

44



the initial testing. At the later sessions the scores of the

/r/ phoneme sample approximate those of the 50th and 98th percentile

samples, and those of the /8/ phoneme sample, approximate those of

the 7th to 15th percentile samples on most tests.

Scores of the 7th percentile sample at Session 11 are

approximated by the phoneme aamples as follows: for boys the /1/

phoneme sample achieves this level about eight sessions or four

years earlier, the /r/ phoneme sample between seven and eight

sessions or about three-and-a-half years earlier, and the /s/ phoneme

sample six sessions or three years earlier. For girls, the /r/

phoneme sample achieves the level about six sessions or three years

earlier, the /s/ phoneme sample about two-and-a-half sessions or

a little over a year 6arlisr. (See Table 3.)

Other Measures

Two infrequently administered measures of articulation

(Tests 1.7 and 1.8) and repeated ratings on intelligibility of

speech (Test 2.1) are considered.

1.7 Duplicated Repetition: Sessions 3 and 5.

In Table A-14 are presented for all samples, both

sexes, for each administration of the Duplicated Repetition Test

the mean number of repetitions of /r/, /1/ and /s/ stimulus words,

and all stimulus words combined.

Percentile samples. The number of repetitions of separate

phoneme stimulus words, and the total of all stimulus words de-

creased systematically for each percentile sample, both sexes at

Sessions 3 and 5 from the 7th, to the 15th, to the 30th, to the

50th, to the 98th with only one inversion.

The percentage of possible repetitions required by the

7th percentile samples, at both sessions are high, particularly for

boys:

Session 3 Session 5

LEL Lk LEL Lk LEL

7th percentile boys 89 60 70 81 47 60

7th percentile girls 86 44 60 63 33 36

For the 50th and 98th percentile samples, boys and girls, less than

25 per cent of the possible repetitions of single phoneme and all

stimulus words were needed at Sessions 3 and 5. The three lower

percentile samples, boys, require more tiAan this percentage of

repetitions at both test sessions with the exception of /1/ stimulus

words at Session 5 for the 30th percentile sample (19 per cent).

For girls, however, at Session 3 and 5 less than 25 per cent of

possible repetitions are required for /1/ stimulus words by the 15th
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and 30th percentile samples, and for /s/ and all stimulus words
by the 30th percentile sample.

Shift samples. At both testing sessions the shift samples,
boys and girls, require the highest percentage of possible repetitions
for the /r/ stimulus words, and least for the /1/ stimulus words.
Boys at both sessions require a number of repetitions most similar
to that for the 30th percentile sample on /r/ and /s/ stimulus
words, and to that for the 50th percentile sample on the /1/ and all
stimulus words. Performance of the girls is most similar to that
of the 15th to 30th percentile samples at both sessions for all
stimulus words.

Phoneme samples. The percentage of possible repetitions
required by the several phoneme samples, boys and girls, is highest
for the specific phoneme on which the sample was selected for mis-
articulation at Session 2. The percentage of repetititions of stimulus
ww-ds for the other phonemes tends to fall at or below 25 per cent
of possible repetitions and thus is similar to the percentages of
repetitions taken by the 50th and 98th pL2centile samples.
Percentages of repetition of stimulus words evaluating the same
phoneme as the designated phoneme sample for boys and girls at
both sessions are:

Session 3 Session 5

a2x2 Girls Boys Girls

/r/ 96 82 75 48
/1/ 41 -- 25 --

/s/ 60 68 49 56

These percentages are most similar to those of the 7th or 15th
percentile samples, except for the /1/ phoneme sample on the repetition
of /1/ stimulus words at Session 5, which is similar to the 50th and
98th percentile samples.

The significance of the differences in the percentages of
repetitions of specific phoneme stimulus words by the several
phoneme samples is presented in Table 4. For both sexes the number
of repetitions of /r/ and /s/ stimulus words is significantly greater
for the /r/ and /s/ phoneme samples. For boys the number of
repetitions of /1/ stimulus words needed by the /1/ phoneme sample
is significantly greater at Session 3 but not at Session 5.
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Table 4. Level of Significance of Differences in the Nurher of
Repetitions of Phoneme Stimulus Words Taken it. Duplicated
Repetition Test by Phoneme Samples, Boys and Girls, at
Sessions 3 and 5.

BOYS

la.212.111

Session 3 Session 5
ALL LLL ILL LI al Lfg

/r/ vs /1/ .01 .01 - .01 .05

/r/ vs /s/ .01 - .01 .01 - .01

/s/ vs /1/ - .01 .01 - .01

GIRLS

/r/ vs /8/ .01 .01 .01 .01

1.8 Phonemes in Sentences: Session 11.

In Table A-15 the mean scores for correct production in
sentences of the /r/, /1/ and /8/ phonemes and the three phonemes
combined are presented for all samples, boys and girls.

The 50th and 98th percentile samples, both sexes, achieved
95 per cent of the maximum on all separate and combined phoneme
scores. Mean scores for /r/, /1/, /8/ and for phonemes combined
progress steadily from the lower to the higher percentile samples.
For boys, differences between all articulation scores achieved by
the 7th and 98th percentile samples are significant at the .01
level of confidence. For girls, the single phoneme scores differ
between these percentile samples at the .05 level, and the phonemes
combined differ at the .01 level.

Scores for the shift sample, boys, most resemble the 7th
and 15th percentile samples on /r/, the 15th to 30th percentile
samples on /8/ and the phonemes combined, and the 15th to 50th
percentile samples on /1/. Scores for the shift sample, girls,
most resemble the 7th to 15th percentile samples on /r/, the 15th
to 30th on /8/ and the phonemes combined, and the 30th to 98th
percentile samples on /1/.

For the several phoneme samples, all scores tend to be
above 95 per cent of possible score except the /r/ score for the /r/
phoneme sample, boys (79 per cent), and the /s/ score for the /s/ phoneme
samples, boys and girls (72 and 62 per cent respectively). These
scores are lower at the .01 level of confidence than the other
phoneme scores for the /r/ phoneme sample, boys, and the /s/ phoneme
samples, boys and girls. The articulation scores on /r/ and /s/
for the /r/ phoneme sample, girls, are almost identical; the
articulation scores on /1/, /r/ and /8/ for the /1/ phoneme
sample, boys, are similar.



2.1 Rating of Intelligibility: Sessions 1 through 11.

Mean ratings of intelligibility for each sample and
session arc presented in Table A-16 for boys and girls. Although
most subjects were rated 1 throughout all test sessions, the 7th
percentile sample consistently received the poorest rating of all
samples. Mean ratings improved from session to session, but some
difficulty in understanding subjects still occurred at Session 11
(lean 1.33, SD .54 for boys; Mean 1.15, SD .45 for girls).

At all testing sessions, mean ratings for the shift
sample, boys, tend to be most similar to those of the 15th and 30th
percentile samples; those for the shift sample, girls, to those
of the 7th to 15th percentile samples.

On the whole, the phoneme samples received good intelligibility
ratings at all sessions. The /1/ phoneme sample, boys, at Session
1 received the poorest mean rating for any phoneme sample (Mean 1.23,
SD .55).

Articulation Intercorrelations

For each percentile, shift, and phoneme sample, boys
and girls, correlations vere computed between the nine articulation
scores obtained at each testing session on the repeated articulation
measures and the Test 1.5, cluster score, taken as the articulation
criterion at Session 6 and Session 11. Discussion is based on all
correlations, but because of the bulk of the data, only illustrative
correlations are included in the appendix. Tables A-18 and A-19
present correlations between articulation criterion scores, Session
6 and Session 11, and Test 1.2, total score, Sessions 1 through
11. Tables A-20 and A-21 present correlations for all samples, both
sexes, between articulation criterion scores, Session 6 and Session
11 and each of the nine articulation scores at Sessions 6 and 11
respectively.

Percentile Samples. For all percentile samples, both
sexes, the highest correlations between criterion scores and scores
on repeated articulation measures tended to be found at the
session at which the articulation scores were obtained: i.e.
Session 6 for Session 6 criterion scores, and Session 11 for Session
11 criterion scores. For boys, however, at Session 6 ten exceptions
occurred in the 45 comparisons (one each at the 7th, 30th and 98th;
three at the 15th; and four at the 98th percentile samples).
At Session 11 only one exception occurred. For girls, at
Session 6 there were two exceptions (one each at the 7th and 50th
percentile samples), and no excek.cions at Session 11.

Although the magnitude of the correlations between the
criterion scores and any single score varies from session to session,
there is a tendency for them to decrease at the sessions further
removed from that at which the criterion score was obtained.
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Table 5. Median r's for Percentile, Shift and Phoneme Samples,
Boys and Girls, between Scores on Repeated Articulation
Measures and Session 6 and 11 Articulation Criterion
Scores.

Session:

Boys

Session 6 Testing

Girls
3 6 11 3 6 11

Sample

7th percentile .56 .80 .55 .46 73 .22
15th percentile .31 .60 .45 .34 .75 .33
30th percentile .20 .81 .34 -.19 .79 .08
50th percentile .03 .79 .04 .03 .65 -.02
98th percentile -.37 .38 .18 -.25 .82 .08

Shift .57 .87 .27 .75 .87 .53

/r/ phoneme .24 .39 .44 .13 .44 .21
/1/ phoneme .51 .80 .12

/s/ phoneme .53 .81 .20 .26 .83 .49

Session: 3

Sample
7th percentile .32
15th percentile .27

30th percentile .35

50th percentile -.23
98th percentile .35

Session 11 Testing

Bowl Girls

.94 .04 .86

.83 .45 .70

.83 -.12 .57

.79 .10 .82

.83 .43 .76

Shift .18 .68 1' .35 .71

/r/ phoneme .33 .80 .12 .73
/1/ phoneme .58 .79 --- ---

/s/ phoneme .11 .47 .08 .81

Table 5 presents, by sex and sample the median of the
correlations between articulation criterion scores and the nine
articulation scores administered at the same session, and the
earliest and/or latest sessions at which the nine articulation tests
were administered. Median correlations at Session 1 are not given
since they would be based on only four of the nine articulation scores.
At Sessions 6 and 11 the correlations range between .60 and .94 with
only two exceptions, Session 6, 98th percentile sample, boys, and
Session 11, 30ei percentile sample, girls. Moderate to substantial
median correlations are found for a number .f the percentile samples
with criterion scores, Session 6 at Session 3 and 11, and with
criterion scores, Session 11 at Session 3.
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_Shift sample. For boys, the highest correlations between
the repeated articulation measures and teh criterion scores,
Session 6, occur at Session 6 with no exceptions and between
articulation scores and the criterion scores, Session 11, at Session
11 with only one exception. For girls six exceptions occur:
for correlations between three of the nine articulation scores and
criterion scores, Session 6, and for three correlations with
criterion scores, Session 11.

Table 5 indicates that median correlations for the shift
sample are high between articulation and criteria scores, Session
6, and substantial between articulation scores and criterion scores,

Session 11. The magnitude of the median correlations with criterion
scores, Session 6, remains high at Session 3 for boys and girls.
Median correlation with the criterion scores, Session 11 are low
for boys and moderate for girls.

Phoneme samples. Highest correlations mere most frequently
found at the test sessions in which the criterion scores were
obtained for all phoneme samples boys and girls. In five

instances for the /r/ phoneme sample, boys, the highest correlations
occurred at sessions other than Session 6. For all other phoneme
samples, both boys and girls, with either criterion scores, Session
6, or criterion scores, Session 11 few exceptions occurred.

Table 5 indicates that the /1/ phoneme sample, boys,
maintains high median correlations between criterion scores,
Session 6 and criterion scores Session 11 and repeated articulation
scores at Session 3. For the /r/ phoneme samples, boys and girls,
median correlations with criterion scores, Session 11 are high
at Session 11, but low to moderate at Session 3. With criterion
scores, Session 6, they are moderate at Session 6 and somewhat
lower at Session 3. For the /s/ phoneme samples median correlations
with criterion scores, Sessions 6 and 11, are moderately high at the
session in which criterion scores were obtained. At Session 3,

however, only that for boys on criterion score, Session 6, is
substantial.

Relation between Articulation and Non-Articulation Measures

The relation between articulation and non-articulation
measures was ext. ed by comparison of (1) mean non-articulation
scores obtained by the several study samples, and (2) correlations

between articulation and aon-articulation scores for eaeh 3f the

study samples.

Coparisons of Mean non-Articulation Scores

,The 109 non-articulation scores used in this comparison
are identified in the description of Measures Used. All non-

articulation measures except 2.1 Rating of Intelligibility are included.
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Percentile samples. The distribution of mean scores
obtained by the five percentile samples, boys and girls, on each
of the non-articulation measures was classified as follows:

A.

Category A. Steady increment in mean scores from the

7th to the 98th percentile samples: e.g. Girls, 4.1 Iowa

Recognition Spelling Test, adjusted score, means 10.81, 14.80,

16.13, 18.18, 21.71.

Category A. Saltatory increment in mean scores with that
of the 7th percentile sample loweet, those of the middle three
percentiie samples quite similar, and that of the 98th percentile

salvle highest: e.g. Boys, 4.2 Metropolitan Spelling, means 6.81,

12.38, 12.50, 14.42, 23.42 respectively (rable A-17).

Category G. Either the 7th or the 98th percentile samples
receiving the lowest or the highest mean score respectively, with
the mean scores for the remaining four samples falling within a
relatively narrow range at a different magnitude: e.g. Girls,

3.7 Haullough Syllabification, means 22.42, 25.36, 24.00, 24.64,

25.64 respectively.

Category D. No trend of increase or decrease in mean

scores from the 7th to the 98th percentile samples: Boys, 9.5

Porteus Maze, IQ, weans 108.96, 114.65, 122.31, 119.84, 112.26 respect-

tively (Table A-3).

The overwhelming number of distributions of scores fall

into categories A, B, or C, and thus showed a trend of increase in

scores from the 7th to the 98th percentile samples (See Table 6).

Table 6. Distribution of Classification of Trends of Test Scores

of Percentile Samples, Boys and Girls by Type of Measure.

Bo

Classification
Girlss

Type of Measure A .8 C 0 A B

2. Speech 4 0 0 2 4 0 1 1

3. Reading 11 9 2 1 13 7 3 0

4. Spelling 3 5 0 0 6 2 0 0

5. Language 1 5 5 4 2 7 4 2

6. Auditory Stimulus 10 17 5 0 11 10 11 0

7. Visual Stimulus 1 5 1 1 4 2 1 1

8. Personality 1 1 1 2 2 0 2 1

9. Intelligibility 1 3 1- 4 4 2 1 0

10. Motor 1 0 1 3 2 1 0 2

Total 33 45 16 15 48 31 23 7

Percentage 30.3 41.3 14.6 13.8 44.1 28.4 21.1 6.4
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Over 70 per cent of the distributions showed either a steady or
a snitatory increase frow sample tu sample. The differences between
the mean scores of the 7th and the 98th percentile samples were
significant at the .05 or the .01 level for about 75 per cent of the
scores; at the .01 level for about 50 per cent of the scores. The
significant differences were found for both sexes at all test
sessions and on all types of tests.

Table 7. Test Scores Classified D, No Trend for Percentile Samples,
Boys and Girls.

Session Test and Score Loil Girls

3 2.3 Speech in Family Relations I X X
9 2.4 Speech in __Idly Relations II X
11 3.11 Homographs: No Reading Difficulty X
8 5.5 Sentence Completion: Number of Words X X

Number of Difficult Words X
10 5.6 Word Association: Both Sex Norms X

Boys Norms X
Girls Norms X

4 7.2 Murphy-Durrell Matching Letters X X
10 8.2 Bender Gestalt: Emotional X X
8 8.5 Teacher's Rating: Listening X
11 9.5 Porteus Maze: TA X

TQ X
11 10.1 Stambak Rhythm: Tapping 1 X X

Tapping 2 X X
Items 1-21 X

The specific tests that were classified in Category D
are listed in Table 7. The scores showing no increment over the
percentile samples ranged widely in the test sessions in which they
were administered, and among the types of measures. Among such scores
for both sexes, are those that are near the maximum (Measure 7.2)
those which could be expected to be quite unrealted to articulation
performance, (Measures 8.2, 10.1) and those from tests constructed
for this project (Measures 2.3, 2.4 and 5.5).

Shift sample. The magnitude of esf2r. mean non-articulation
score obtained by the shift samples, boys anl girlr, tended to fall
between those obtained on a particular measure by the 15th to the
98th percentile samples on the same score. The exceptions that occurred
were not many, and occurred mostly for those scores in which steady
increment for the percentile samples did not occur or was not
statistically significant: e.g. low mean scores on Measure 5.5,
number of words and number of different words, and high mean score
on Measure 7.2, for boys. No teriency was found for mean scores to



be higher or lower either on a particular type of non-articulation
weasure such as reading or language, or at a particular time in
the testing period from Sessions 1 through 11.

Phoneme samples. Mean non-articulation scores obtained
by the several phoneme samples tend to be quite similar. Only in
a few scattered instances do they differ significantly at the .05
level of confidence. No pattern of differences in mean scores for
either boys or girls emerged according to type of measure, time
of administration or specific phoneme sampll. It should be pointed
out, however, that on many of the measures, the order of magnitude
of mean scores, from highest to lowest, was received by the /r/,
/s/ and /1/ phoneme samples for boys, and by the /s/ and /r/
samples for girls.

Correlations: Articulation vs. Criterion Scores

For all samples correlations were computed between scores
on articulation tests at all sessions and criterion spelling scores,
Session 8, and criterion reading scores, Session 11. Discussion
is based on all correlations, but representative sets of correlations
are presented in appendix. Tables A-22 and A-23 present correlations
between Test 1.2, total scores at all sessions and Test 4.2
Metropolitan Spelling score, Session 8 and Test 5.2 Gates Reading
Survey, total score, Session 11, respPctively. Tables A-24
and A-25 present correlations betweet4 the criterion spelling and
reading scores and all articulation scores at Sessions 8 and 11,
respectively.

Percentile samples. The magnitude of the correlations
between articulation scores and both spelling and reading criterion
scores fluctuates from session to session with no tendency for
the higher correlations to be found at the session in which the
criteria scores were obtained. A substantial portion of the
correlations obtained are negative.

Table 8 presents by sex and sample, the median of the
correlations between spelling and reading criterion scores and the
nine articulation scores administered at the same session and the
earliest and/or last session at which the articulation measures were
administered. The median correlations between articulation and
spelling criterion scores for Sessions 3, 8 and 11 show no pattern
of variation for boys or girls. The median correlations are low,
and only for the 7th percentile samples, boys and girls, are the
signs of the median correlations positive at all three sessions.

The median correlations between articulation and reading
criterion scores for Sessions 3 and 11 are low with only three
exceptions. (See Table 8.) The median correlations for the 7th
percentile sample, boys, reflects a range of correlations from
.12 to .45 at Sessicn 3 and from .45 to .57 at Session 11. The
median correlation for the 30th percentile sample, girls, reflects
a range of correlations from +.28 to -.53.
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Table 8. Median Correlations between Articulation Scores and
Spelling Criterion Scores, Session 8, and Reading
Criterion Scores, Session 11, at Selected Sessions for
All Samples, Boys and Girls.

ItalatlijataSessior18 5.1 Reading, Session 11
poys Sessions: 3 8 11 3 11

Sample,

7th percentile .14 .29 .26 .34 .55
15th percentile .17 .24 -.10 .09 .03
30th percentile .23 -.29 -.07 .09 -.02
50th percentile .11 .01 -.27 .07 -.02
98th percentile .07 .13 -.05 .23 -.02

Shift -.03 .18 -.05 .06 .15

/r/ phoneme .03 -.08 -.19 -.07 -.11
/1/ phoneme .15 .18 .03 .23 -.11
/s/ phoneme .12 -.31 -.43 .31 -.44

GIRLS

Sample

.17 .23 .17 .11 .147th percentile
15th percentile .19 -.01 .16 .22 .20
30th percentile -.21 .12 .27 -.34 .13
50th percentile .00 -.17 .14 .05 .15
98th percentile -.11 -.40 .05 -.00 .07

Shift .33 .43 .28 .54 .43

/r/ phoneme .06 -.01 .36 -.06 .40
/1/ phoneme --- --- ---
/8/ phoneme .41 .07 .01 -.08 -.03

Shift samples. Although the median correlations for
boys on both spelling and reading are slightly higher at the session
in which the criterion scores were obtained, they are IOW at all
sessions. For girls, however, median correlations bor both
spoiling and reading at the several sessions are consistently
moderate.

,Phoneme samples. The median correlations for the
phoneme samples, boys and girls, vary from session to session

only the /r/ phoneme sample, girls, obtaining a moderate
positive median correlation at the session at which a criterion
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measure was Obtained (Reading, Session 11, .40).

Correlation: Criterion Articulation vs. Non-Articulation Scores

For eadh sample, boys and girls, correlations were computed
between the articulation criterion, Test 1.5, cluster score,
Session 6 and Session 11, and 101 quantitative non-articulation
scores. Although the magnitude of the correlations varied greatly,
most of the correlations fell within the range between + .20.
Moderate to relatively high correlations tended to concentrate in
a few samples for the Session 6 and Session 11 articulation criteria.
Approximately one-third or more of the correlations computed for
the following samples ranged between .30 and .72: 7th percentile
sample, boys (45 correlations), 15th percentile sample, boys (31),
/1/ phoneme sample, boys (61), shift sample, girls, (53) and /r/
phoneme sample,'girls (37) with the Session 6 articslation scores,
and 7th percentile sample, boys (67 correlations), shift sample,
girls (34), and /r/ phoneme sample, girls (41), with the Session 11
articulation criterion scores.

DISCUSSION

Samples for study were initially selected in kindergarten
according to (1) the number of misarticulations (percentile samples),
(2) the single phoneme consiatently misarticulated (phoneme samples),
and (3) the extent of variation in articulation test scores
according to method of eliciting the utterance in which the sounds
were evaluated (shift samples). These Characteristics of
articulation were considered incause they were believed to be
relevant to the problems of prediction of adequate articulation,
and thus to the recurring questions of identifying subjects for
speedh therapy in the early grades, and of defining an articulation
deviation in kindergarten. This longitudinal study has demonstrated
that these aspects of articulation performance are useful in
delineating differences in change of articulation scores through
the fourth grade.

In this longitudinal study, the samples selected for
study, both boys and girls, readhed different levels of artic-
ulation proficiency at the end of the fourth grade. Cross-sectional
studies consistently have reported that mature or adequate artic-
ulation was achieved by dhildren at seven or eight years of age.
Templin in her normative study assumed adequate articulation for
a sample when mean scores were at about 95 percent of the possible
score on an articulation test. Adequate articulation, ao thus
defined was attained by the different samples at widely different
ages. While the 50th percentile samples (a built-in normative sample)
adhieved adequate articulation at About the ages expected from
cross-ser:tional data, the 98th percentile samples had attained
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this level by the earliest testing, at four-and-a-half years,
and the 7th and 15th .percentile, and the /s/ phoneme samples

for both boys and girls had not adhieved this level at the last
testing session when the subjects were nearly ten years old.

IN4

The percentile samplesquintained the same relative
positions from 98th to 7th on their mean articulation scores through
Session 11 or until a sample mean approached 95 per cent of
possible scores. For successively lower percentile samples this
level was readhed, if at all, at respectively later testing sessions.
Even at the last testing session the mean scores of the 7th percentile
samples were significantly below those of the upper two percentile
samples for the boys and the upper three samples for the girls.

Among phoneme samples studied, differences are neither
as pronounced nor consistent, but the possibility of some difference.
in the course of development for samples of dhildren with different
primary phoneme misarticulation is suggested. No /1/ phoneme
sample could be identified for girls in kindergarten, and this
phoneme sample achieved adequate articulation at earlier sessions
than other phoneme samples for boyli, while /s/ phoneme samples have
not achieved adequate articulation for both sexes at Session 11.

The pattern of misarticulation of specific phonemes
over time has not been examined although data are available for
such inVestigation. The performance of the specific phoneme samples
on tests of duplicated repetition (Test 1.7) and articulation of
phonemes in sentences (Test 1.8) suggests, however, that mis-
articulation of specific phonemes tend to persist for groups.
On these tests, administered just after sample selection (Session 3),
a year later (Session 5) and four years later (Session 11) scores for
each phoneme sample tended to be poorer for the subscore on the
same phoneme that had been the primary misarticulation in kinder-
garten.

Based on results of cross-sectional study, it had
originally been planned to terminate longitudinal testing when
dhildren at-grade were in the second grade. At that time, however,
it was necessary to extend the period of testing because a much
larger number of children than anticipated did not adequately
produce the phonemes of EnLlish. Now, at the conclusion of the
eleventh testing session, it is evident that if the course of
articulation development of samples of subjects with the most
misarticulations and with primary /s/ phoneme misarticulations in
kindergarten is to be traced to adequate production, it is necessary
to continue testing beyond the fourth grade.

When the shift samples were selected it was expected
that their articulation scores would increase rapidly and that
they would attain adequate articulation during the early testing
sessions. This hypothesis WAS based on studies that reported
subjects with inconsistent picture and imitation articulation test
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scores improving more over a six-month period than those with
consistent scores (10, 51, 52, 53). It is also logical to expect
children who have demonstrated that under certain conditions
they can produce sounds more accurately, soon to do so consistently.
However, the shift samples did not improve rapidly in their
articulationitores. Throughout the testing sessions the mean
articulation scores of the shift samples vary, for the most part,
between the means of the 15th and 30th percentile samples.
Even at Session 11, mean scores for boys fall between those of
these two samples, and those for girls between the mean scores of
the 15th to 50th percentile samples. Thus, not only is the
hypothesis not supported, but the analysis has pointed to relatively
slow change in mean articulation scores from kindergarten through
fourth grade.

The hypothesis was also not supported in the prediction
aspect of the larger project (60). On three separate criteria
in setond grade proportionately more subjects were identified
as needing speed' therapy when their kindergarten picture and
imitation scores differed 4 or more ceatile points than when their
scores were similar. For girls the proportion was significantly
higher on all three criteria at the .05 or .01 level of confidence;
for boys it was significant on one criterion at the .01 level.
The subjects in both the prediction and the
longitudinal studies are the same with the exception of three
who were lost from the sample between second and fourth grades.

Two possible explanations of the unexpected results
considered in the earlier report are still valid and there is nn
known additional evidence for their acceptance or rejection. One
is that in this project more extreme shifts in articulation scores
may be represented than in other studies, since only around four
percent of the subjects from which the longitudinal study sample
were drawn differed as mu& in their kindergarten picture and
imitation tests as the criterion for sample selection. Another
possible explanation is that since the picture and the imitation
tests elicit test words through percept, 91 and cognitive Channels,
the results may tap discrepant perceptual and cognitive functions
and thus be associated with learning disabilities. A third
possible explanation is based upon the mean articulation and non-
articulation scores of the shift sample throughout the eleven
testing sessions in the longitudinal study. Since these scores
tend to resemble those of the middle percentile samples throughout,
it may be that discrepancy between picture and imitation scores in
kindergarten is not a relevant classification for selection according
to the purposes of thq longitudinal study.

In any event, the findings differ from the expected,
and further investigation is needed because of their potential
psychological and educational value. Using data presently available,
at least two investigations are immediately indicated: (1)Re-

57



examination of the classification of subjects into the shift

samples. The classification that was used considered the percentage
of possible picture and imitation score and not scores based only

upon items evaluated in both picture and imitation tests. (2)

The repetition of the prediction study analysis on a new sample.
Among the subjects in the prediction study first tested at kinder-
garten (See Figure 1) those with discrepant picture and imitation
scores have not been identified and their performance has not
been analyzed separately.

When mean scores on non-articulation measures attained
by the several study samples were compared, it was found that they
varied systematically among the percentile but not the phoneme
samples.

Among the percentile samples higher mean scores were
obtained by the samples selected as having fewer misarticulations
in kindergarten. The trend is evidenced either in regular increments
from the lowest to the highest percentile samples or in various
patternings in which scores of fhe highest and the lowest
percentile samples differ. It is found in about 85 per cent of the
comparisons for boys and in over 90 per cent of the comparisons
for girls when all categories of tests (i.e. speech, spelling,
reading, etc) and all tasting sessions are considered. In many
instances the magnitude of differences in mean scores between the
extremes of the percentile samples is significant.

The finding that the highest and lowest percentile samples
quite consistently obtained the best and the poorest mean non-
articulation scores over the eleven testink, sessions was not

expected. Recently, Wepman and Mc.:ency (72), considering many
of the same non-articulation areas, have reported no significant
differences at first, second or third grade in mean scores of subjects
initially selected with acceptable and unacceptable articulation in

first grade. The differences between the findings of these two

studies are pronounced. Because both are concerned with the general
problem of deviation in the early school years it is particularly
important to resolve, or explain, apparent differences in results.

Explanation of the differences between the studies is
not found in the non-articulation areas considered, since there
is much overlap in the areas and some in specific tests used.
There are, however, some important differences in the characteristics
of the samples studied. In the present study three samples of
subjects selected with below median articulation at kindergarten were
followed through fourth grade. The 154 subjects remaining in
fhe 7th, 15th and 30th percentile sample at fourth grade were
selected from some 1500 children in 45 schools. Over the five-year

span of the study only about ten per cent of the subjects were lost

over all study samples. In the Wepman and Morency study one sample
of subjects with unacceptable articulation at first grade was
followed through third grade. The 66 subjects who remained in
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the unacceptable articulation group were selected from 259 subjects
in two schools. The effect of the loss of nearly 25 per cent of
the sample in the subjects who moved from the community over
the two-year span is not known.

Both studies attempted to eliminate subjects whose poor
articulation had organic etiologies such as hearing loss or low
intelligence. In addition 10 subjects were elimipated from the
Wepman and Morency study because of patterns of articulation that
were considered inappropriate for age according to previous work.
Some such subjects were probably indirectly eliminated in the
present study because of known organic deviations associated with
speech, but patterns of articulation were not systematically
examined for their direct elimination.

Alrof these factors would tend to restrict the range of
articulation deviations of the subjects studied. It is likely that
the subjects with unacceptable articulation in the Wepman and
Morency study would fall between the 15th to 50th percentile
samples in the present study, and would probably most resemble
the 30th percentile sample. Scores of this sample throughout the
study did not differ significantly from Chose of the 50th and,
in many instances, the 98th percentile samples. It is interesting
to contrast findings on intelligence measures. Wepman and Morency
found no differences between groups with acceptable and unacceptable
articulation. In this study, scores of the 15th, 30th and 50th
percentile samples are similar, and only the extreme highest and
lowest percentile samples differ significantly.

The investigation of the relation between articulation and
performance on non-articulation variables should be extended for
a longer period of time with the longitudinal sample. In addition
characteristics of found relations need to be delineated according
to test content, level of articulation, etc. Some of the latter
analyses have been carried out with available data from the
longitudinal study.

One of the completed more detailed analyses of longitudinal
data that are not included in this report gives support to the
relation between articulation and ability to apply the rules of
morphological change. A 2 x 3 x 5 analysis of variance of total
Berko morphology scores (Test 5.2) administered at three sessions
indicates significant differences among the percentile samples
at the three sessions, and between sessions at the .01 level of
confidence but no significant differences between the sexes. On
the other hand, while mean commonality word association scores
obtained at Session 6 vary according to percentile samples, those
obtained at Session 10 do not.

The magnitude of correlations among articulation and
mon-inticulation scores, calculated for each percentile, phoneme and
shift sample varies considerably from sample to sample. Although
for many of the samples most correlations are in the low positive
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or negative range, for some samples a substantial number of
moderate to moderately high correlations are found, e.g. the
lower percentile samples for both sexes and the shift sample for
girls. While it is recognized that sone of the variation in
the magnitude of correlations reflects differences in the range of
the sane scores among the samples, this is not a complete explanation,
since the magnitude of correlations varies for samples in which the
range of scores is quite similar.

The finding that correlations tend to be of greater
magnitude among certain samples selected in kindergarten according
to different articulation characteristics is of value. It re-
emphasizes the importance of the sample studied, ails in the
interpretation of varying research results, and suggests a focus
for selection of research samples.

Although differences in the performance of boys and girls
was not systematically evaluated in this study, some observations
on it are made because of long-continuing interest in the topic.
Mean articulation scores of the populations of boys and girls from
which longitudinal samples were selected for study differed
sufficiently at kindergarten so that selection waP 'oased on the
separate distributions for each sex. Goad articulation, when it
is achieved, is similar for boys and for 3irls. Thus no sex
differences appear when mean scores for any particular sample
approaChed 95 per cent of maximum score (e.g. at all sessions for
the 98th percentile sample, and less frequently at later testing
sessions).

CONCLUSIONS AND IMPLICATIONS

The foliowing conclusions are drawn from results of the
completed analyses of the data.

I. The three aspects of articulation performance that
were the basis for sample selection in kindergarten (number of
misarticulations, type of misarticulation, and divergent picture and
imitation articulation scores) have proved useful for delineating
longitudinal patterns of development of articulation from prekinder-
garten through the fourth grade.

2. While cross-sectional studies have consistently
found adequate articulation aChieved at seven to eight years of age,
the 98th percentile samples, both boys and girls, had already attained
such.Articulation'at-the first testing session (i.e. at four-and-
a-half years of age) the 50th percentile sample attained it at about
the expected ages; the 7th percentile samples had not attained it
and the /s/ phoneme sample approximated adequate articulation at the
last testing session (i.e. at nearly ten years of age).
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3. The several percentile samples maintained their
relative positions on mean articulation scores from Session 1 through

Session 11 or until mean scores had reached about 95 per cent of

the possible score.

4. Although developmental differences in mean articulation

scores for the phoneme samples are not pronounced in relation

to actual scores, they do suggest that subject* with /1/ as the

primary misarticulation in kindergarten achieve adequate
articulation somewhat earlier than those with /s/ so the primary

misarticulation. Performance of the several phonewe samples
also suggests the longer persistence of the misarticulation of /s/.

5. The articulation scores of the shift samples did

not increase rapidly in the earlier testing sessions as had been

expected, but rather, throughout the study their mean scores were
similar to those of the middle percentile samples.

6. Correlations between articulation criterion scores,

Session 6 and Session 11 and other articulation scores are
substantial, and highest at the session in which the criterion

score was obtained.

7. Mean non-articulation scores for the various per-

centile samples, bays and girls, tend to vary throughout the five

years of testing so that the best scores are obtained by the

highest percentile sample and Vas poorest scores by the lowest

percentile sample.

8. While correlations between articulation and non-
articulation scores are, in general, low and variable, they

tend to vary from moderate to moderately high correlations within

certain samples, particularly the 7th percentile and shift samples

for boys and girls.

9. Some difficulty in understanding a child is more

likely to be associated with a larger number of misarticulations

than with the consistent misarticulation of a single sound.

The problem of selection of cases for speech therapy is,

of course, intimately related to the prediction of articulation

development and thus to a definition of articulation deviation

during the early school years. If progress toward the resolution

of the problem of prediction is to be made, a number of different

attacks are probably necessary. One, surely, is to study those

articulation deviations that are most likely to make it possible

to delineate factors that influence articulation development. This

longitudinal study has identified several samples in which

inadequate articulation continues to persist for a longer period

of time. This suggests that the samples on which to focus
intensive study should probably be composed of children who in

kindergarten have the greatest number of misarticulations, who
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have divergent picture and imitation articulation scores and
specific primary misarticulations, particularly the /s/ phoneme.

Since some samples selected with certain initial
characteristics of articulation mere still developing adequate
articulation considerAbly later than others, these characteristics -

the number of misarticulations, substantial difference in picture
and imization articulation scores, and primary phoneme mis-
articulation - might well be important in case selection. However,
these characteristics have been developmentally identified, and
the effect of therapy upon the rate of progress toward adequate
articulation has not been determined.

While information on the effect of therapy is an
essential aspect of the problem of case selection, the effective-
ness of therapy during the development of articulation is not
kmown. The value of therapy at this period is a moot question.
Although it has not been systematically explored in this study,
the articulation scores of subjects who had had some therapy fell
well within the range of those in their particular sample wLo
had had no therapy. This finding, hcwever, does not mean that
therapy directed toward specific aspects of articulation at
crucial points in development might not be effective. This
possibility needs to be investigated.

Observed differences in the rate of development of
the several selected samples has emphasized the importance of the
particular sample studied to the research results obtained.
This fact is an aid in understanding and explaining some of the
seeming conflicting findings reported in the research literature.
It has, too, considerable importance for the interpretation and
application of results of studies carried on with subjects from
clinical and non-clinical populations.

The study suggests that a clustering of positive per-
formances in subjects with the best articulation in kindergarten,
and of negative performances in subjects with the poorest
articulation in kindergarten is present at school entry and persists
over the five year span of the study. Thus the 98th percentile
samples, even though some regression may occur had adequate mean
articulation scores and the highest mean intelligence and other
non-articulation scores throughout the study. The 7th percentile
samples, on the other hand, had the lowest articulation, intelligence
and other non-articulation scores, and showed more substantial
correlations between them than found in most other samples.

Clustering of positive traits was reported over forty
years ago when many were found to be associated with high
intelligence (66). Something similar may be occurring at both
ends of the spectrum when articulation of kindergarten children
is at least a year-and-a-half inferior or superior to that
expected from cross-sectional studies. Since selecting children
on the basis of number of misarticulations selectively draws
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with it other scores, it may be that articulation tests, which

can be administered in less than ten minutes, should be included

in early evaluations of children. Surely, the possible diagnostic

function of a kindergarten or prekindergarten articulation
evaluation needs to be further explored.

The gross analyses of the longitudinal data have
suggested that findings are sufficiently relevant to the problems

of prediction and case selection that research effort shoula be

spent on identifying characteristics that are associated with

differential development of subjects within the samples that

are slow to attain adequate articulation.

SUNKtRY

The major objectives of the longitudinal study reported

here are (1) the description of the development of articulation

of consonant phonemes through the fourth grade or until adequate

articulation is achieved, and (2) the exploration of the relation
between articulation and non-articulation variables. It is

part of a project concerned with the general problem of prediction

of articulation development or deviation into whiCh longitudinal,

prediction and a number of ancillary studies are incorporated.

For this longitudinal study, selected subjects were
tested in eleven sessions at six-month intervals over a five

year period from the spring before kindergarten entrance through

the fourth grade. At Session 1 the articulation of about 1500
subjects was evaluated both in words elicited by pictures and by

imitation with an aural model presented by the examiner. The

larger number of subjects provided the pool from which to select

subjects with Characteristics of articulation that were considered

important for the problem of prediction of articulation. The
Characteristics considered were (1) substantially diverging
picture and imitation test scores, (2) the number of misarticulations,

and (3) the specific misarticulation. Samples identified for

study were:

One shift sample made up of those subjects among the

1500 tested at kindergarten whose picture and imitation articulation

scores differed four or more centile points.

Five percentile samples made up of subjects whose total

articulation scores were non-overlapping, and clustered around the

7th, 15th, 30th, 50th and 98th percentiles on the distributions.

Three Phoneme samplas made up of subjects in which the

misarticulation of either /r/, /1/ or /s/ was the single major mis-

articulation.
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Potential subjects for the longitudinal study samples
mere chosen by procedures that took into account the consistency

of picture and imitation articulation scores for individuals and
the distributions of both picture and imitation scores for both
boys and girls. From the pool of potential subjects those
children were eliminated who were known to have organic deviations
related to speech production, e.g. hearing loss, malformation
of the speech mechanism or known mental retardation. Then
subjects for the final study samples were chosen using a
technique of random selection. It was not possible to include an
/1/ phoneme sample for girls, since only five potential subjects
mere identified. Approximately equal numbers of boys and girls

were chosen for all other final longitudinal study samples.

All subjects were given a sweep check audiometer test
as part of the Hanneapolis public sdhool program or by the

Minneapolis Division of Public Health. Subjects at Session 1

were drawn from 45 Minneapolis public sdhools and those remaining

at Session 11 were in 131 public and parochial sChools in

Minneapolis and the suburbs. Parents had brought the prekindergarten
children to the sdhools for the initial testing.

The samples for analysis in a longitudinal study are
determined by the subjects remaining at the last testing. At
Session 11, the samples included 436 subjects, 223 boys and
213 girls, of whom 400 mere in fourth grade, 2 in fifth, 28 in
third and 6 in special classes. No subjects were dropped from
the study because of enrollment in speech therapy, or because they
had a hearing loss. Fifty subjects had been lost during the five

years of the study over all samples: 44 had moved out of the

area, six were dropped because of illness, on request of parents,

or principal, etc.

The final study samples were quite similar although
some differences were apparent. The ranges in mean scores for

all samples of boys were as follows: CA, between 56.9 and 60.2

months; WISC Full Scale IQ, between 95.2 and 112.6; position in
family, between 1.9 and 2.8; number of siblings, between 2.7 and
3.8. The ranges for girls were very similar. The modal socioeconomic

status of all samples as classified on the Hollingshead Two-Factor

Lnaex was 3 or 4. The extremes of the ranges are found in either

the percentile, shift or phoneme samples. However, there is

a tendency within the percentile samples, both boys and girls, for

the higher CA, IQ and socioeconomic status and the lower number
of siblings and position in the family to be found for the higher

percentile samples.

At each testing session, articulation vas assessed by a

number of measures evaluating the production of consonant phonemes
and consonant clusters in the initial and final positions in
nonsense and in English mords. The description of the development
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of articulation was based on nine scores obtained at repeated

testings: 1.2 Prekindergarten Articulation Test, total,
initial consonant, final consonant and total consonant scores,
Sessions 1 through 11; 1.4 Kindergarten Imitation Articulation
Test, total score, Sessions 3 through 11; 1.5 Long Articulation
Test, cluster score, Sessions 3 through 11; 1.6 Spencer Nonsense
Word Articulation Test, initial consonant, final consonant and
total consonant scores, Sessions 3, 5 throush 11. Also included
in the analyses were 1.8 Duplicated Repetitition Test, total score,
and /1/, /r/ and /s/ subscores, and 1.9 Phonemes in Sentences,
total score, and /1/, /r/ and /s/ subscores. The former was
administered at Sessions 3 and 5, the latter at Session 11.

At selected sessions tests were administered in the
general areas of speedh, reading, spelling, language, Euditory
stimuli, visual stimuli, personality, intelligence and motor areas.
These included standardized tests (e.g. Metropolitan Spelling
Test and the Gates Reading Survey) as well as tests constructed
especially for this study. From some 65 measures 101 quantitative
scores were used in the analyses. A few measures that were
administered were excluded from the analyses, because 4ata from them
were not appropriate or ready for use in them.

All articulation tests were administered by graduates
in speedh pathology, for the most part at the Master's level and with
some public school experience. Intelligence tests were given
by qualified psychometrists. All other measures were administered
by speech clinicians, or persons with backgrounds in psychology
or education. The basis for sample and subject selection was
not known to the examiners.

Analyses made for each sample separately were simple,
and largely descriptive. They include comparisons of the significance
of the differences between mean scores for the percentile, shift
and phoneme samples, and comparisons of patterns of correlations
computed among articulation scores and between articulation and
non-articulation scores for each sample. Scores that reach
ninety-five per cent of maximum are taken to indicate adequate
articulation.

Results

I. Results of the analyses of articulation development.

1.1. The patterns of dhange on the repeated measures
of articulation differ among the samples, but are quite consistent
within each sex for the nine scores.

1.2. On all articulation scores the relative positions
of the percentile samples remain the same from Session 1 through
Session 11 or until approximately 95 per cent of the maximum of any
particular score was reached.
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1.3. Among the several percentile samples there is a
wide range in the age at which mean adequate articulation is
attained: the 98th percentile, both boys and girls, had already
attained such articulation at Session 1 (i.e. at four-and-a-half years
of age); the 50th percentile attained this level at about
Session 6 to Session 8 (at approximately the seven or eight years
reported for cross-sectional studies); and the 7th percentile
had not attained this level of articulation at Session 11 (when
subjects were nearly ten years old).

1.4. Shift samples did not improve rapidly in articulation
during the early testing session as had been expected. Rather,

throughout the testing period scores for boys and girls tended to
resemble those of the 15th to 30th percentile samples. At
Session 11, girls, on all measures, and boys on some, had attained
adequate articulation.

1.5. Differences are not pronounced for the phoneme samples.
However, in general the /1/ phoneme sample, boys, achieved
adequate articulation at about the same sessions as the 50th
percentile sample. (No /1/ phoneme sample was identified for the
girls.) The /r/ phoneme samples, both sexes, reached adequate
articulation a few sessions later, and the /s/ phoneme samples,
boys and girls, had just about attained it at Session 11.

1.6. Correlations between 1.5 Long Articulation Test,
cluster score, the articulation criterion at Session 6 and Session 11
and the other repeated articulation scores were highest at the
session in which criterion scores were obtained (moderate to high,
with many over .80). Correlations, in general, tended to be highest
for the lower percentiles and shift samples, boys and girls, and
to vary with sex and session among the phoneme samples.

1.7. On the 1.7 Duplicated Repetition Test administered
at Sessiois 3 and 5, the 50th and 98th percentile samples required
less than 25 per cent of the possible repetitions, and the lower
percentile samples a higher percentage. The 7th percentile samples
needed the highest percentage of repetitions: over both sessions
from 47 to 89 per cent for boys, and from33 to86 per cent for
girls. The /1/ phoneme and shift samples, boys, resembled the
performance of the 50th percentile sample. The percentage of
repetitions required by the separate phoneme samples varied for the
/r/, /1/ and /8/ stimulus words. In most instances the greater
percentage of repetitions needed for the specific phoneme stimulus
words by the phoneme sample (e.g. /8/ stimulus words by the /s/
phoneme sample) was significant at the .01 level.

1.8. In 1.8 Phonemes in Sentences, administered at
Session 11, the percentile samples maintained their relative positions;
the shift samples resembled the 15th to 30th percentile samples;
the several phoneme samples (on total scores) resembled the 15th
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to 30th percentile samples, but on the subscore for the phoneme
that was the same as the phoneme sample (e,80 /s/ phoneme and sample)
most resembled the 7th to the 15th percuntile samples.

1.9. For any sample at any session, comparatively few
ratings of intelligibility were given that indicated moderate
or extreme difficulty in understanding a subject. However, the
7th percentile samples received more, and even at Session 11
some such ratings were found. With only one exception, all
phoneme samples recieved a better mean intelligibility rating
at Session 1 than the 7th percentile sample at Session 11.

II. Results of analyses of the relation between articulation and
non-articulation measures.

2.1. The 7th percentile sample had the lowest mean
non-articulation scores end the 98th percentile sample had the
highest. Of the 109 non-articulation scores only on 14 per cent of
the boys and on 7 per centfor the girls did this occur. About
75 per cent of the differences between the mean scores of the
7th and the 98th percentile samples were significant at the .05
or .01 level of confidence. No pattern of differences were
identified for the phoneme samples. In most instances the scores
for the shift samples fell within the range of the scores of the
percentile samples.

2.2. Correlations between 4.2 Metropolitan Spelling,
criterion score at Session 8 and articulation scores are of low
order and fluctuating, except for a few samples, particularly
the 7th percentile samples, boys and girls, and the shift sample,
girls. Correlations are not higher at Session 8, the session at
which the criterion scores were obtained.

2.3. Correlations between 3.1 Gates Reading Survey,
criterion score, Session 11, and articulation scores are low
except for the 7th percentile sample, boys, and the shift
sample, girls.

2.4. Correlations between 1.5 Long Articulation Test,
cluster score, articulation criterion, Session 6 and Session 11,
and non-articulation scores, for the most part, fell between + .20
although moderate to moderately high correlations tended to be
concentrated within a few samples. Between one- and two-thirds
of the correlations computed within the following samples fell
between .30 and .72: with criterion score, Session 6, the 7th
and 15th percentile and /1/ phoneme samples, boys, and the shift
and /r/ phoneme samples, girls; with the criterion score, Session
11, the 7th percentile sample, boys, and the shift and /r/ phoneme
samples, girls.

The study has shown that samples of subjects selected
on the basis of three aspects of articulation have followed
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patterns of longitudinal development that can be differentiated.
Samples of subjects with most misarticulations in kindergarten
have maintained the relatively poorest articulation throughout
the five years of the study, and have not attained adequate
articulation at the end of fourth grade.

The shift samples that in kindergarten had demonstrated
ability to improve total articulation when an aural model was
presented, did not improve as rapidly over time as had been expected.
Rather, these iamples had performed quite similarly to the lfth
and 30th percentile samples throughout the period of testing.

The performance of the phoneme samples cannot be
sharply separated, but there are suggestions that the subjects
with /1/ as the primary misarticulation in kindergarten tended
to achieve adequate articulation earliest, those with /r/ as
the primary misarticulation next, and that those with /8/ as the
primary misarticulation had nearly attained adequate articulation
by the end of the fourth grade.

Suggestions for Further Research

Although in planning and carrying out this longitudinal
study many questions and hypotheses have been identified, only
a few studies are proposed for further research. Those are mentioned
because they seem likely to provide either needed information
on articulation development and prediction, or basic information
on related non-articulation variables. Some suggestions require
the collection of additional data, and others various uses of
data now available on the longitudinal subjects.

1. Another testing session should be carried on
with the subjects in the longitudinal samples as soon as possible.
This would permit (1) tracing the later articulation development
of those subjects who had not attained adequate articulation at
Session 11, and (2) providing information of the possible per-
sistence of differences in non-articulation performance between
the extremes of the percentile samples. Although follow-up
should ideally have been carried out at yearly intervals, it is
still possible to test the subjects within three and a half years
after Session 11. These children should be tested to maximize
the value of the observations already made by increasing, meaningfully,
the length of time over which changes in performance are observed.

2. Systematic study of prediction and development of
articulation should be carried on with samples of children in
those categories of articulation performance that have been shown
to take a longer period of time to attain adequate articulation.
These include children with the highest number of misarticulations
of non-pathological etiology, with divergent picture and imitation
articulation scores, and with primary single phoneme misarticulation,
especially the /s/ phoneme. High priority should be given to
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studies that attempt to delineate factors that differentiate those
subjects who do and do not spontaneously improve in articulation
within these samples.

3. Subjects with divergent picture and imitation
articulation scores in prekindergarten and kindergarten should
be studied intensively to explore the etiology of the divergent
scores, and their possible relation to learning and behavior
disabilities.

4. The effect of therapy upon identified patterns of
articulation deviation at selected points in development should
be investigated to provide more refined information of techniques
and procedures for speech therapy.

5. In this report only gross scores have been considered.
However, more detailed analyses of some measures, and the use
of others that have not been included in the analyses is indicated.
Following are some proposed relevant investigations;

5.1 A detailed description of the longitudinal
development of the change in articulation over time in which
distinctive features, specific phonemes and types of" phonemes are
considered.

5.2 Detailed analyses of the characteristics
of word association responses, and their changes between second
and fourth grade; the relation of word association responses to
articulation and other language performance.

5.3 Analysis of
and, particularly, specific parts as
articulation status or development.
perinatal standards and practices and
the children.

Test CS Parent Questionnaire
they relate to children's
Information is available on
on general development of

5.4 Investigation of relations between selected
non-articulation and/or articulation variables, e.g. the relation
between performance on selected visual and auditory stimulus measures
to errors in reading words (Tests 3.2 and 3.3) classified both
according to reading Orisual) and speech (auditory) dharacteristics.

5.5 A number of tests have yielded substantial
language output, e.g. TAT, CAT and essays. These, for example, provide
data to determine characteristics of spontaneous language of children
with different early patterns of articulation and specific comparii.
sons such as that between the application of morphological rules
in spontaneous language and Test 5.2 Berko Morphology Test.
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APPENDIX B: TESTS

1.1 Prekindergarten Picture Articulation Test*#

chair

1PAL
fLag

Slalt
tX0.11
bzidge

smoke slide vacuum tub
mindow JAXIag cleaner jack-in-
spa noge Ablovei the-box

IbPre apmb jmndwigh fh
ItoYe teeth cqg NheAl
smooth TALPreZ meagure haL

yellow

1.2 Prekindergarten Imitation Articulation Test*

matcheg
kale
pin
teeth
caz
bathtqk
durdc

ftah

lamb
goag ziag
Alpe waalh
zalentine ellow
.there IPM.Be

Shair slqd
jackel dog

ZAPP2X stole

smootia

britge
wheel
imoke
tzain
bzead
gtairs
glass

1.3 Kindergarten Picture Articulation Test*

chair
leaf
flag

dage
train
bridle
smoke

window
roof
there
stove
smooth
slide
string

ESP
111.M0
yea
3.APPIE
20cuum

cleaner
shovel

sandwich

ERE
npasure
tuh
jack-in-

the-box
fish

IIMEMM GEM

tlet

slide
string
meagure
shoMa

hat
lellow
2encil
bell
dog
&nage
wheel

* The phonemes evaluated are underlined in the test words.

# The words in 1.1 were used to evaluate the test sounds in
1.2 for Sessions 1 and 2.

B-1



1.4 Kindergarten Imitation Articulation Test*

matches
knife
pin
teeth
gar
bathtub

duck
garage

fish
thumb
soap,
shoe

valentine
there
chair
Jacket

zipper
lamb
rin&
watch
Zellow
house
sled
do&

stove
smooth
bridge
wheel
smoke
train
bread
stairs

Appendix II

glass
flat
slide
string
measure
shovel

1.5 Phonemes in Consonant Clusters and 1 . s .*

matchm
knile

Rin
Ve.th

kathtub
Aus,k
ZArege
Liik

kumb
loan
Alpe
yalentine
mere
skair
jecket
gippu
lamb

Ling
wilsh
yellow

bPWA
alga
dog
atoye
smoo.01

bridge

Mbeel
ara

cum
presents

smoke

color
planting

boale.

=pin
health
Lipman
coli

hsEMIL
sapown

sham
booka

*KU
nrayons
Appon
vacuum
clean.=

blpcks
heara
elephant
elephant&
bread
=Airs
ham=
slAss

fork
stamp.

5101m
bglk
pkate
zings.
flAt
cgrk
ospgalan
Wen

pmeeping
dog=
plide

wan
og

belt

swiAl
cragkgr

inlesh
icebem
nept

1120e
hela
stn.=
nth=
wawa
sr-ALL

mita. lett
ghtedded sig.=
wteat glom

sPrinkil walk=
ring& Intik
isatt ca

ARMLL twins
four.= jumned

sink whigkm
Anratch batneg
triangle cloylt
tgkl esale.

tin= porigh
bottle wen
lam =Ankle
:deft Decemku,

stnnati fealkIX

Mk= nalft
flom isktal

buiCkla Axarf

horila =zing

loclç
hand cha

mesa=
whiduar whia
dog& Ora
agths= plIdar
tshlg ohm],
mu= "spume
cued fimit

month

* The phonemes evaluated are underlined in the test words.
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1.6 Spencer Nonsense Word Articulation Test

zEp bud3 nuf wet m k.N.,

pouS 9 s t .5:), d git sam

1 47- z
hsr (0 tat) g vo VI)

r x.349 mit5" d EL v j i 1

tx;I: h.) b c13 04 k
f Ei s

1.7 Duplicated Repetition Articulation Test*

round side pass latish earth

line flat strong other bubble

here free walls feel 21PY
throwcloud mend sweet snow

&Vat earn nest buckle whisker
slow

1.8 and 3.11 Articulation in Sentences.* Homographs

1. A strange, round (ob'ject) was on the roof.

2. ',bat schools do not (permit') sliding in the hall.

3. A faithful friend will not (desert') his pals.

4. The children will (present') their mother with a gift.

5. His (con'duct) in school was satisfactory.

6. A good lion tamer will not (subject') his animals to
danger.

7. The radio station will (record') the program.

8. Sam finished his Boy Scout (prorect) last night. (3 /an

(3 /r/)

(3 /s/)

(3 /1/)
(3 /r/)

(3 /s/)

(3 /1/)
(3 /r/)

9. I like the (con'tent) of his last book.

10. Does MOry (object') to doing her homework?

11. my sister got her learner's (per'mit) on Saturday.

12. The (des'ert) is very hot and dry.
13. All eleven members of the club were (pres'ent).

14. Be sure to (conduct') yourself properly at the
meeting. (42/r/)

(2 /1/)

(3 /r/)

(3 10/)
(2 /r/)

(3 /1/)

15. History is an interesting (sub'ject) to study.

16. Have you listened to the Beatles' latst (rec'ord)?

17. Please (project') the picture on the screen so we

can see it.
18. The little baby seemed (content') as he fell asleep.

* The phonemes evaluated are underlined.
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2.3 Speech in Family Relations I

POSITIVE FEELINGS COMING FROM CHILD

1. N... (child's name) likes to ask you questions. Who does
N... like to ask questions?

2. N... likes to tell you the stories she has learned at school.
Who does N... like to tell stories to?

3. N... likes to tell important things to you better than anyone else
in your family. Who does N... like to tell important things to?

4. When N... needs help, she/he likes to ask you. Who does N... ask
when she/he needs help?

5. N... likes to tell you her/his secrets. To whom does N... like to
tell her/his secrets?

NEGATIVE FEELINGS COMING FROM CHILD

6. N... doesn't like to tell you things because you get cross and
tell N... to slow down and say things more carefully. Wto tells
N... to talk slower and say things more carefully?

7. N... doesn't like to tell you his/her secrets. Who doesn't N...
like to tell his/her secrets to?

8. N... doesn't like to talk to you because you don't listen. Who
doesn't listen to N...?

9. N... doesn't want to talk to you because you always tell N... to
say things over. Who tells N... to say things over?

10. N... is afraid to tell you when he/she is hurt or in trouble.
Who is N... afraid to tell about his/her troubles and hurts':

FOSITIVE FEELINGS COMING TOWARDS CHILD

11. You like to play talking games with N.... Who likes to play
talking games with N...?

12. You are never too busy to listen when N... asks you for help. Who
is never too busy to listen when N... asks for help?

13. You help N... learn new words; how to say them and what they mean.
Who likes to help N... learn new words?

14. You like to talk to N.... Who iikes to talk to N...?
15. You like to listen to N.... Who likes to listen to N...?

NEGATIVE FEELINGS GOING TOWARDS THE CHILD

16. You get cross because you can't understand what N... says. Who
gets cross when he/she can't understand what N... says?

17. You tell N... to talk more carefully. Who tells N... to talk
more carefully?
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2.3 Speech in Family Relations I. Cont.

18. You interrupt N... when he/she tries to tell you something. Who

interrupts N... when he/she tells you something?
19. You think that N... talks too fast. Who thinks that N... talks

too fast?
20. You answer for N... when someone asks N... a question. Who

answers for N... when someone asks N... a question?

2.4 Speech in Family Relations II

POSITIVE FEELINGS COMING FROM CHILD

1. This person in
2. This person in
3. This person in

my home.
4. This person in

of the family.
5. This person in

games with othe
6. This person in
7. This person in
8. This person in

programs.

9. This person in
well.

10. This person in the family
like Hkickleberry Hound or

11. This person in the family
English.

12. This person in the family
English.

13. This person in the family
14. This person in the family
15. This person in the family

the family likes to read to others.
the family likes to talk on the telephone.
the family likes to talk to children who visit in

the family likes to tell stories to other members

the family sometimes plays word games or talking

r family members.
the family likes to talk.
the family likes to tell about things he has done.
the family likes to take a speaking part in

the family likes to be with people who speak very

sometimes likes to talk like somebody
Red Skelton.
can speak another language besides

understands another language besides

likes to watch television.
likes to read to himself.
likes to ask questions.

NEGATIVE FEELINGS COMING FROM CHILD

16. This person in the family doesn't
17. This person in the family doesn't
18. This person in the family doesn't

visit at my home.
19. This person in the family doesn't

other people.
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like to answer the door.
like to answer the telephone.
like to talk to adults who

like to sing and recite for
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2.4 Speech in Family_Relations II, Cont.

20. This person in the family sometimes pronounces words wrong to
attract attention.

21. This person in the family makes fun of the way other people talk.
22. This person in the family talks too fast.
23. This person in the family has difficulty making others understand

%

POSITIVE FEELINGS GOING TOWARDS CHILD

24. This person in the
25. This person in the

people.
26. This person in the
27. This person in the

games with me.
28. This person in the

tells me what they
29. This person in the
30. This person in the
31. This person in the
32. This person in the
33. This person in the

reading.

family likes to discuss things with me.
family likes to have me sing or recite for

family likes to read to me.
family sometimes plays word games or talking

family helps me learn how to say new words and
mean.
family listens when I talk to them.
family never interrupts me when I talk to them.
family takes me to see plays.
family suggests good books for me to read.
family helps me with difficult words when I am

NEGATIVE FEELINGS GOING WARDS THE CHILD

34. This person in the family asks me to say things over and over.
35. This person in the family tells me to talk slower and say things

more carefully.
36. This person in the family never helps me learn how to say new

words or tells me what they mean.
37. This person in the family never listens when I talk to them.
38. This person in the family sometimes interrupts me when I talk.
39. This person in the family sometimes answers for me when someone

asks me a question.

40. This person in the family sometimes makes fun of the way I talk.
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3.2 Grade 1 Vocabulary Recognition (Based on first grade Scott

Foreman Vocabulary)

laugh wish apple

soon what want

room hurry she

peep cow say

blue too every
first stop guess

door night up

that little cat
back our horse

bird on has
in time rabbit
doing after thing

maybe let's called
then ask eat
please ate which
look open four

bump but met

very well and

pushed food glad

barn dear must
father your jump

head
ride
nest
helped
along
yellow
take

so

bird
surprised
fell
of
sang
cookie
his
toy

good
began
pretty
cannot
why

work

Pig .

read
run
paint
man
thought
grandmother
dinner
lost
kitten
way
children
here
fast
moo
run
story

slow
bow-wow
nothing
get

3.3 Grade 2 Vocabulary Recognition (Based on second grade Scott

Foreman Vocabulary)

almost

years
barked
quiet
yet
everybody
wings
weather
grunting
boxes

uncle
knew
noise
sorry
handker--

chief
dig
better
keep
pay
second

station joke still trip

forest nickels caps bring

supper sing carried pins
resting cool mouth maple

engine tweet. moving hardly

given past wren teaching

wheat bags leafy even

great gobble hear cream

cart perhaps hard meet

vines river ago game

line forget honey each

care hurt waved paper

by o'clock shovel gave

hair silly suddenly buzz
fielu visit wait breakfast

slide clowns Saturday ten

kind cabbage large blew

chimney porrAge lion riding

gone catch place goose

straw pot boil men
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4.3 lolling Dictation: Words and Sentences

1. sage Sage makes turkey dressing tasty.
2. fabric Nylon is a synthetic fabric.
3. employment School dropouts do not find employment easily.
4. trays The waiters carried the food on trays.
5. budge When a car is stuck in a rut it is difficult

to budge it.
6. hemisphere The United States is located in the Northern

hemisphere.
7. submerge A careful skin diver will submerge slowly.
8. moisten A fine spray will just moisten the grass.
9. ferries Ferries carry paople and cars across wide

rivers.
10. sponge A sponge can be made of rubber or plastic.
11. flake Every flake of snow has a different design.
12. bulge Water will sometimes make a cellar wall bulge.
13. spies In wartime, generals use spies to learn about

enemy activities.
14. coil The electric coil on the stove can get red hot.
15. ledge A squirrel sat on the window ledge and looked

inside.
16. sphinx The famous Egyptian sphinx has a lion's body

and a man's head.
17. oblige To oblige a friend is to do him a favor.
18. convoy Eight destroyers formed a convoy to protect

the aircraft carrier.
19. gorge Sometimes we gorge ourselves at Thanksgiving

by overeating.
20. surveys Surveys show that some foods taste better than

others.

5.5 Sentence Completion (Stimulus Phrases)

1. I. I bave to read
2. To me, books
3. If I didn't go to school then
4. I'd rather read than
5. I read when
6. I'd read more if
7. Spelling is
8. When I read out loud
9. Talking in front of the class

10. We have spelling in school but
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6.9 Auditory Memory Test

DIGIT REPETITION
(Practice Item: 4 7)

(3) 3 5 2 9 6 1
(4) 8 3 5 2 9 4 1 7
(5) 4 8 3 7 2 5 1 7 2 6
(6) 7 2 8 3 9 4 2 9 4 8 1 6
(7) 7 9 2 6 4 5 1 5 4 7 2 1 3 8
(8) 8 5 4 7 1 6 2 3 4 7 1 5 3 9 6 2
(9) P 2 5 8 4 1 7 3 6 3 7 1 8 2 6 4 9 5

WORD RCPETITION
(Practice Item: horse, ball)
(3) cow, sand, glass
(4) chair, bell, dress, car
(5) grace, truth, worth, peace, doubt
(6) doll, train, egg, milk, coat, house

STORY: The School Concert

On December 20th, the children of the city schools held a
concert in the auditorium of the high sdhool, All the children had
some part in the program. The program consisted of singing by the
school choir, fancy mardhing, folk dancing, and finally, a Christmas
play. About 620 parents and friends attended '..he concert. The Bele
of tickets brought in nearly four hundred dollars.

(a) What was the name of the story?
(b) Where was it (the concert) held?
(c) When was it held?
(d) What did the program consist of? (Get 4 memories from the child)
(e) Row many people attended (went to) the concert?
(f) Bow much money was raised?

SENTENCE REPETT7ION
(Practice Item: Please come in.)
(5) My watch has two hands.
(7) Tom has lots of fun playing ball.
(9) Jane wants to build a castle in her playhouse.
11 Betty has made a dress for her doll out of cotton.

(13) Go three blocks south, turn right, and stop at the first
white house.

(15) Fred asked his father to take him to see the funny clowns in
the circus.

(17) The woodpeckers made a terrible fuss as they tried to drive
the young away from the nest.

(19) At the end of the week the newspaper published a complete
account of the experiences of the great explorer.

(21) W baby brother wants Santa Claus to bring him a great big
drum, a shiny new train, and a teddy bear.
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APPENDIX C: DESCRIPTION OF TESTS NOT INCLUDED IN ANALYSES

I. Tests excluded because of incomplete data.

3.10 Gates Advanced Primary Reading Test. Session 7.

14.2.10jUiraillegial.ftels1 Maturity. Seseion 3.

These tests (16, 59) were administered by classroom
teadhers as part of the regular testing program of the Minneapolis
Public Schools, or by examiners to small groups and individuals in
the parothial and suburban schools.

II. Tests excluded because only categorical scores were available.

8.3 Adtective Check List.
1

Before Session 10.

After testing a subject the psychometrist rated him by
checking the appropriate space on each of 19 pairs of opposing
adjectives. The checks were ceuverted into numerical ratings
from 1 to 7 according to the space checked. The adjective pairs
were selected as most appropriate for young children from items
used by Stevenson (58) in studying the rating by college students
of experimenters. The pairs of opposing adjectives were:

unpleasant-pleasant
aggressive-defensive
adaptable-inflexible

colorful-colorless
friendly-hostile
lazy-ambitious

extrovert-Introvert
immature-mature
enthusiasti&unenthusiastic
sensitive-insensitive

assertive-dependent
sociable-unsociable

affected-natural
active-passive
feminine-masculine
patient-impatient
deliberate-haphazard
unattractive-attractive
sloppy-neat

8.6 Subiect Preference Questionnaire.
2

Session 8.

The subject chose from among arithmetic, social studies,
reading and spelling his response to two questions: (1) "If
you had to leav6 out one class during the day, what class would
you most want to leave out?", and (2) "If you could have only one
class during an especially busy day, Which class would you most
want to have?" From among these four subjects and science, art,
music and gym he chose his response to the question, "Which of

1

2

Constructed by Ronald J. Johnson and Gian Jain.

Constructed by Ronald J. Jehnson and Susep Prindle.
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these classes do you enjoy the most?" The question was read
to the child from the school program and the choices were typed
on 3" x 5" cards.

10.3 Evaluation of Speech Mechanism. Session 1.

The speech capician evaluated a child on his ability
to protrude and retract his lips, protrude and retract his tongue
and repetitively to produce the sylables ;Ea, ta and ka. Charact-
eristics of the child's bite and teeth were Aoted. Items included
were selected from the practices of clinics and public school
programs. There is no single score.

III. Tests excluded because no scores were available.

5.1 Recordings. Sessions 3 and 8.

Samples of oral speech were obtained to provide data
for various language analyses. In Session 3 pictures from the
Children's Apperception Test (CAT) were used as stimuli to
obtain at least 50 utterances from each child. The responses
were recorded using a Wollensak Tape Recorder. Typescripts
are completed for some children. While these recordings can be
used for analyses of variables such as length of response, rate
of speech, adequacy of grammatical usage, etc. they are not of
sufficiently high fidelity to be used :-4r the evaluation of the
articulation of specific sounds.

Responses to 7 Thematic Apperception Test (TAT) cards
were ottained in Session 8. These were recorded on Audograph discs.
Typescripts completed for all intelligible discs provide material for
Language and personality analyses (see Test 8.4 in Appendix C).

5.7 Written Composition. Session 11.

All classes in which subjects in this study were enrolled
were given the same writing assignment by their classroom teachers,
as part of their language arts work. The assignment was to write
for 15 minutes on the topic, "The Most Interesting Thing That
Happened to Me This Year." The assignment was given to the
entire class so that the writing would take place in a familiar
setting for writing rather than in a test-like child-adult
situation. -Various analyses of language usage awl content are
possible.

8.4 Thematic Apperception Test (UT). Session 9.

The seven ca;ds selected after consultation with child
clinical psychologists' include the five used in the National

3

Drs. Jack Hafner, Murray Reed, Britton Ruebush and Robert Wirt.
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Mental Health Survey (Cards 1, 2, 5, 8BM and 16) and two cards

that were reported frequently to elicit responses related to

feelings of isolation (Cards 14 and 173M). The order of presentation

for each subject was predetermined using a random numbers technique

except that whenever the blank card appeared in position 1 or 2 it

was presented successively as the 3rd, 4th, 5th, 6th or 7th card in

order that a child would not be asked to tell a story about the blank

card until he had had some experience with the procedure of the test.

Sessions were recorded on Audograph discs and typescripts are avail-

able on all legible responses.

8.7 Process of Drawine-a-Man.
4 Session 9.

While the iubject drew a picture of a man for the

Goodenough Draw-a-Man test, the examiner recorded on a schematic

human figure the point of initiation and termination of the

drawing and the sequence of movements followed in the production

of the drawing. This is the second use of this preliminary

technique in the development of a projective device that was

begun as part of an earlier study (62). The necessary concentrated

work for the development of the projective device is beyond the

scope of this study.

8.8 Parents' Questionnaire.5 Session 7.

This nine-page questionnaire contains questions on

background information such as parent's socioeconomic status,

education, organization affiliations, on speech development and

status of the child, on discipline, parental standards, symptoms

of maladjustment and parent-child relationships. For its

construction, literature on the relation of family attitudes and

practices to child articulation and other language behavior was

searched. A large number of possible questions were assembled

and some original questions were written. The questionnaire

was tried out with persons working on the project or at the

Insittute of Child Development, and then was revised. The

revision was given to a small number of mothers from a wide

range of socioeconomic backgrounds. Their suggestions were

incorporated into the final revision.

The questionnaire was mailed to the parents of the

subjects when children who were at-grade were in the second grade.

Nearly 96 per cent of the parents (all except 18) returned the

questionnaire.

4
Constructed and revised by Ann Cleary, Susan Prindle, Susan

Kisrow and Mildred C. Templin.

5 Constructed by Susan Tiktin and Mildred C. Templin.

C-3


